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MZELITAM CURRICULUM MATERIALS

The mllltarv-developed curriculum materlals inr this course .
package were selected by the Nationdl Center for Research in
Vocational Education Militgry Curriculum Prgject for dissem- -
ination to the six fregional Curriculum Coordination Centers and
other instructional materials agencies. The purpose Qf - »
disseminating these courses was to make curriculim materials
developed by the military more accessible to vocational
educators in the civilian setting. ’

) The coursé materials were acquired, evaluated by progect

* staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either cmitted or appro-’
val for their use was obtained. These packages contain
curriculum resource materials which can be pted to supgort
vocational J.nstrucuon ahd curriculum*development.
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* .

o
The MNatiopal Center for Research In
Vocational Education’s mission is to increase

the ability. of diverse agencies, institutions,

and organizhtions to solve educational prob:

lems relating to individual career pianning,
preparation, and progression. The National
Center fulfills its mission by: x
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¢ Developing educatiqnél progfarqs and
products P /
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.  Evaluating individual program neéds .
and,putc;dmes .
¢ Installing educational programs.and
products ) . ‘ -
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* Operating information systems and .
services

¢ Conducting leadership development and ) s
. training programs) ' ’
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Program Information Office .o
The National Cepiter for Research in Vocational ‘
Education ' . . .
The Ohio State University ’
1960 Kenny Road, Columbus, Ohio 43210
Q Jelephone: 614/486-3655 or Toll Free 800/ ' .
E MC 848-4815 within the continental U.S. -
e (except Ohio)
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an activity to increase the accessibility of
Janilitary-deveJoped curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Edudatron,, includes the tdentlflcatlan and
acquisition of curriculum materials in print
form from the Coast Guard #ir Force,
Arniy, Marine Corps and Navy.

Abcess to military curriculun, matetials is

prowded through a "Joing Memorandum of

Understandlng"‘betWeen the U.S. Office of

Education andthe Department of Defense.
¥

The acquired ‘materials are reviewed bystaff

and subject. matter specialists, and courses

deered applicable to vocational.and tech-
nical education are selected for disseminatjon.

The National Center “for Research in’
Vocational Education is the U.S* Office of
Education’s designaled representative to
acquire the materials and conduct the pro;ect
aCéIVﬂIES

]
Project Staff: . ’
Wesley E. Budke, Ph.D# Director
National Center Clegfinghouse :

, Shirley A. Chase
Pro;ect Director
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One hundred twenty coufses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the voeational
Curriculum Coordination Centefs and other - -
mstrucvonal materials agencnes for dissemi-
nation. - .

Course materials include programmed -
imstfuction, curriculum outlines, instructor
guides, student workbooks apd technical -
manuals.
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The 120 courses represent the following

) s_ixteen vocational subject areas: " g

Agriculture , Food Service

Aviation Health

Building & - Heating & Air
Construction, Conditioning

* Trades Machine Shop T

" Clerical Management &

Occupations ‘Supervision

Communications ;Meteorology &

Dialting Navigation

Electronics Photography

> Enginé Mechanics  Public Service

The number of courses and the subject areas -
represented wijl expand as additional mate-

" rials with application to vocational and \

technical education are identified and selected
for dissemination.
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Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability ‘and cost). They
will respond to your request directly ¢ or refer
you to an’ istructional materials agency

closer to you. ,
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INTRODUCTION

This subcourse and accompanying mem-
-orandum is a continuation of your instruction
in carpentry. It emphasizes frame construc-
tion and constitutes another step in yohr
career development.

Much of the material in Subcourse 531 will
have further application here in the instrue-
tion pertaining to the making of doors and
windows, the use of roof covering materials,
the erection of walls and the laying of floors.
Allied carpentry work, such as external trif,

wall sheathing, and stairway construction,-

~

are also explained.

This subcourse consists of four lessons and
an examiration as follows:

Lesson 1. Building Layout and Floor
Framing.
/ *
Exterior Framing.
3. Roof yFraming and Materials.

4. Interior Framing.

t

Examination.

Fifteen credit hours are allowed for this
subcourse. You will not be limited as to the
number of hours that you spend on the sub-
course, any lesson, or the examination. For
statistical purposes*you are required to enter
in the proper space on each answer sheet the
number of hours spent in studying the text
and solving the exercises,

Text furnished: Memorandum 532. The

text need not be returned. To facilitate re-
moval, answer sheets are bound in reverse
order at theyend of the booklet. Make sure
that the nur&r on the answer sheet is the
same as the le¥gon you are working on. Each
exercise has four choices with ‘only ONE
best answer. Select the choice you believe is
best. Then turn to the answer sheet and mark
an X through the letter representing that
choice.

The examination will be sent to you when
you have successfully completed all the les-
sqns.” ,

-




LESSON 1 . ' o

BUILDING LAYOUT AND FLOOR FRAMING
B
CREDIT HOURS __ __ . __ 4
TEXT ASSIGNMENT _. _________________ Study chapter 1 of Memorandum 332.
o LESSON OBJECTIVE _______ e To teach you how to locate and lay out a
building site and the methods and ma- ’
- . . terials to be used in constructing founda-
) tions. .
. ™~ . EXERCISES
) Solve the following multiple-choice exer- to square second,lside,with first side
cises. .
?. to properly locate the second corner

1. The most common type of con-
s crete form is the full unit form. You
would use it when

(,' a. the wall must be poured in a con-
' ' tinuous operation

b. the amount of form lumber used'is

¢ to square the fourth szde with the
third side

d. to properly locate the first corner
4, Because of their almost univer-

sal use in framing buildings and their *
availability at the building site, which |

unimportant
th of these boards would you use to make
¢ hhnmzliefior constructing the wall is your concrete form supporters- and

d. along wall is to be built in sections

2. After you have your permanent
building lines in place, how would you
check to see if your work is square?

a. measure the diagonals of the build-
ing .

stakes?
a. 2x6s T e 2x4s
b, 1x4’s -~ 1 x 6's
5. On the construction job on

which you are working, the footing
must be poured before the foundation

N wall.  How do you prevent shifting of
b. use a steel square the wall o the foolt)ing? s
¢. measure the length of the lmes 7 o e the width of thb wall
» o
d. use a transit level inereas W ew
b. use keyways or metal pins
3. Why would you use the “Three,. . . f
N Four Five” rule while laying out a ¢ increase width of t:‘;?ﬂ(g :
building site ? d. tilt the foundation rd the load

[
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‘6. You are constructing a frame
building which will’ be covered with
wooden siding over the sheathing.
Where do you place the sills? *

a. flush with outside edge of founda-
tion

b. 3 inch from outside edge of foun-
dation

c. equal distance 'fmm edges of foun.
dation

d. 2% inch from outside edge of foun-
dation (
7. For small buxldmgs of light
frame construction, what is the least
size of sill you may use?

a 27 x4 c.

b. 2" x 6[’

2 x 8”
d 27 x10”

8. You are constructing s T-sill to
-support 2” x 4” studs and 2 x 6” joists.
The header will be nailed to the end of
the joists. What size material will you

Jse for the sill plate? i
a. 2”x 12 e 2"x 8
b. 2” x 10” d 2" x 6"

1 .
9. You are constructing a building

40 feet long by 20 feet wide. The plans
require that a one-piece.girder run the
length of the building. You would sup-*
port this girder at both ends by the
foundation, and by columns at a mini-
mum of

a. five intermediate points'
b. four intermediate points
e three intermediate points
d. two intermediate points
10. The floor of an 18’ x 26’ build-
- ing has a dead load and a live of 50 and
30 pounds per square foot, respectively.

The floor is supported by the foundation
wall and a girder which is located 12

-

¥

" a. use a double joist

AN

feet from‘one end of the building. The
total load in pounds on the girder is

a. 20,160 c. 17,280
b. 18,720 . d. 15,840

11. Floor joists in frame buildings
should extend from wall to wall, and
have a bearing surface of at least

-

a. 3 inches on each end
b. 4 inches on each end

¢., 3 inches on exterior wall and 4
inches on girder

d. 6 inches on exterior wall and 6
inches on girder ‘

12. A box, or L-sill, provides the
advantage of a single sill, a firestop, and
a solid bearing surface for nailing the

a. subfloor c. girder

b. headers d. cross ﬁracy

13. A floor joist must have a‘hole
for a l-inch pipe. How would you pre-
vent significant loss of strengtﬁ in the
joist?

4

b. make hole ¥4 of depth from top
edge

c. make hole !4 of depth from bottom
edge

d. put hole in middle of the joist
14. When you are framing a ceiling
opening for a 24” x 24” chimney, how:

long do you"make the length of the
headers?

a, 2034” C.
b. 24"

271/8 ”
d. 28”7

415. You are at the building site,
ready to start the building layout. If
the ground is not level, where do you
place the first batter board?

v




- %, lowest point . « &. No. 1 common lumber.

b. any pOiilt ’ . b. No. 2 common lumber
c. highest point ( .
d.” first corner

c .No. 3 common lumber .

. d. any lumber of great strength
16. When would you use the wall- .

. type foundation? ‘ : 19. A girder. that is 3 inches wide
a. for temporary construction and 16 inches deep can carry how much
. o as ’ more weight than a girder 3 inches wide

_b- «to support light building loads and 8 inches deep?

¢. for perma’nent structure :
2. 6 times more

1 -
d. when structure is at ground level -~ - ) .
) </ b. 5 times more .
7.4 When you poyr concrete for . = ‘
wall footings, what wou you use to as- . ¢ 4 times more P ’ *
sure proper thickness?

. d. -3 times more
a, grade stakes at building corners

b. grade stakes between the forms ° . 20. You must splice lumber while
¢. wooden footing forms . ma.k?ng a built-up girc_le.r. What is 1,:he
maximum number of joists that you ‘al-
d. screeds . low over a span between footings?
~1
18. In standard permanent con- a. 1, c. 3
struction, what material would you ’
select for the sills? . b. 2 C d 4
? Ty )
“ ' weN - {
’ -
. - 7 4 .
k] -
/
. ‘ )
TS
} ~"% ‘ .
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_— - " LESSON 2

. - EXTERIOR FRAMING
CREDIT HOURS ________ . _ ' ._______ 3 N\
TEXT ASSIGNMENT _______ ______ - ———_Study chapter 2, Memorandum 532. ~
LESSON OBJECTIVE ______ _ ____________ Tq teach you how to make a building layout
. P . - and do floor framing, to include purpose
N\ ’ and use of sills, girders, joists and bridging.
) EXERCISES

Requirement: Solve the followihg multi- 4. A horizontal sliding door drags

ple-choice exercises: ) g on the floor. What is your first action
. to correct’this?

1. What is the thickness of the < a trim the door

‘material that you must use in spacing *

.

2 x 4's that are placed vertically as dou- b. raise channel mounting bolts
ble headers? ¢. lower roller assembly mounting
a. 3/16 inch ¢. 3 inch \ - " belts
- b. 1% inch d. 1% inch d. adjust the bolt of the roller assem-
’ ‘ bly . .

2. In a weight-bearing wall, what

is the safe maximum length in feet of 5. What are the two main parts of

&n unbraced 2 x 4 inch stud? +  a window?
a 4 e. 7 : a. sash and the glass
b. 6 a8 b. frame and the glass
: . c. sash and the frame ’
* ** 3. Sheathing prevents the move- d, jamb and the casing

ment of air through the walls of build-
ings and deadens external sounds. What

is another of.ts characteristics? 6. The girders used jn porch con-

struction run perpendicular to the

. has insulating quality . " a. subfloor and joists
_ b.czl':res decorgtive finish b. floor boards U
‘e. provides ex:x;a weight c. joists and floor boards ’
d. adds rough texture for base siding d. wall o'f the building
J : ’ ' 2—1
PN
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7. Which of the following woods
would you select to make winhdow
screens? *

a. oak
b. gum
¢. northern white pine

'

d. southern yellow pine =

8. Plastic siding materials are of-,

ten used for decorative purposes be-
cause they are :

a. less expensive
b. exceptionally strong

available in many shai)es and colors
d. easily installed with siding nails

9. What weight building felt
would you usually use under siding?-
2. 90 pounds per 100 square feet
b. 60 pounds per 100 square feet
¢. 30 pounds per- 100 square feet
d. 15 pounds per 100 square feet

10. You must improve the seal be-
tween a door and the frame. Where
would you install metal weather strip-
ping?
a. side of the Ja.mg)
b: back of the casing

¢. sideYof*the door
d./ edge of the door
11. What is usually the maximum

rise in inches per step on ex.. nor porch
steps?

a.’ 10 c. 6
b. 8 . d. 4
*12. You must replace part of a

piece of siding. Where on the old siding
board would you make the cut?

a. most accessible spot
b.- between the studs, if possible -

c. next to the splice or over it

d. 'so joint‘ would be on center of stud

18. You have selected grade 1
caulking compound to apply Wwith a gun
to fill and seal joints. Why did you make
this selection?

‘a. compound hardens rapidly

b. great color selections
¢. compw¥ind has consistency of putty
d. less time-neded than knife

14. Glass measuring 27” x 27" must
be replaced in 100 windows. If the sash
is rabbetted 4 inch, how many gallons
of putty will you need to bed and face
glaze the glass?

a. six ¢e. four
b. five d. three

15. Which of the following is unim-
portant when you chogﬁ' wood for ex-
terior walls?"

a. grain-patterns
b. paint-holding quality
¢. lumber grade

d. decay resistance

L4

*

16. You must select girders for a
porch. What would be the maximum
weight per square foot that you figure
the girders would carry?

a. 60 pounds- c. 40 pounds
b. 50 pounds d. 30 pounds

" 17. The plaﬁs for 4 porch specify a

total floor slope of 2 inches. What does

this mean to ypu?

a. the porch e
building

b. footing for the porch must be about

8 feet from the building
v

ds 8 feet from the "




~

-~

¢. the porch is small enough to bBe -
classified as a stoop

d. roof rafters must be 7 feet long to
permlt 12 inch cornice

18, You are building a general type
porch with fdotings 18 inches square
and 8 inches thick. What is the maxi-
mum distance in feet that you would
space these footings?

a. 10 c. 6.
b. 8 . d 4

19. What car you do to help pre-
vent porch stair treads from warping?

a. blow furrows on underside of

treads

b. .use material at least 13/ inches,

thick

c.."use tongue and groove material

d. slope the treads 34 inch

\

29. Corrugated metal sheets are

available in several lengths. What is

the usual wid}h in inches?

a. 28

b, 26

c. 24
d. 22
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g . LESSON 3 -
ROOF FRAMING AND MA'I;ERIALS
‘CREDIT HOURS ________ . . .

To teach you the methods an

Study chapter 3 of Memorandum 532. ~

procedures
for constructing roof fram®s-4nd coverings,
to include selection of materials and use
of tools. 4 ¢

EXERCISES

Requirement: Solve the following multi-
ple-choice exercises:

1. What are the common spacings
of rafters in inches?
a 16 to 24
b. 18 40 24

e. 16:to 20 -
d. 18t0 20

2. When nailing rolled roofing, the
nails should be sphced?

a. ‘6 inches from the edge and 4 inches
apart

b. 2 inches from the edge and 6 inches
apart-

c. 6 inches apart and 4 inches from
the edge

d. 4 inches apart and 2 in_ches from
the edge

3. Roof framing members used to

bridge in between or connect trusses are

called?
a. rafters ¢. purlins
chords

b. webs d.

4. When you cut a bird’s mouth on
a rafter, what is the common depth of
the cut in inchea? ’ -
a. 3%
b. 1%
c. Y width of rafter
d. 14 width of rafter

5. What would you call a built-up

roof containing five plies of felt?
a. 10-year roof c. 15-year roof

b. 20-year roof d. 25-year roof

6. Which of the following jrafters
touches neither the ridge of the roof
nor the rafter plate?

a. cripple
b. valley

¢ jack

d. hip n
7. Why would you use layers of

felt in a built-up roof?

a. to reflect heat

b. to hold the bitumen in place

s—1
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Keas .

c. to deflect water 13. How would You repair small

oy . s ”
d. to have waterproof layer between’ iears in composition roll roofing?

X * coats of bitumen a. nail and coat with bitulyen
) ‘ beneath

b. nail coated piece of roofin

8. Roofs that have no slope are

. the tear '
4cover.ed with ut%md _ . .

a. coal taf pitch ¢. nail pat;:h over tear and coat with ’

‘ . bitumen
b. asphalt 4 ) ) d. _ place bitum®n beneath tear and re-
.. c. flat slate - N nail -

d. asbestos-cement

" ) A4. An asphalt shingle roof has re-

9. Standing-seam metal roofing - i;::i(: rirtu?nor hail damage. How-do you

with unsoldered seams should not be R !
used on a roof having a slope less than a. remove broken shingles and replace
with new

b. break é‘ll old and brittle shingles
and repair them

a. 12 inches per foot

- b. 7 inches per foot ,

¢. 5 inches per foot

spray surface with asphalt paint

d. 3 inches per foot

d. cover exposed felt apots with coat- )
ing of plastic t
10. The minimum slope of a roof gotp ceme’n - 7
. deck to be surfaced with asbestos- - 15. You are repairing a roof n;ade
i ) cemtént shingles should be of corrugated asbestos-cement sheets,

a. 6 inches per foot but you cannot use the original method -
. of framing. What do you use to install
b. 5 inches per foot ‘ the new sheets?
" e 4-inches per foot " 2. lead head nails ot
d. 3 inches per foot b. screws and washers
. 1'1‘ ¢. nails and metal strips ~ .
. How do you usually lay corru-
gated asbestos-cement sheets? d. toggle bolts and washers Co
over open-wood or metal frames 16. A tile roof in otherwise satis-

a.

t . . factory condition leaks. What is the
b. on rs without decking most likely reason for this?
c.
d

with solid decking and felt ' a
on glat type decking

fasteners are too loose ) 4

nail holes are too large

12. What is the maximum exposure
»in inches that you would allow to as-
phalghingles that measure 10” to 36”7 -~

a 8 e 4 . 17. Which of the following choices \
- L names two types of valley flashing ma-
b. 6 d 3 terials ?

b
c. underlayment has disintegrated - ' -
d. lack of caulking in lap joints ‘

o 17




open and closed

rolled roofing and sheet metal ~ - -

a

b.

c. copper, and zinc-coated iron’
d. lap joint and turned-up flange

18. What causes the most frequent

repair on a promenade tile roof?

'z;. replacing bro'li‘en tiles

b. replacing cement in the joints .
. ¢. replacing i‘fasteners on old tiles.

d. using too few expansion joints

1y

L9
t

e

+ ’

19. You discovered a t‘russ bolt -
that jiggles loosely when you tap it.
What do you do?

a. tighten the nut '
use shorfer bpit™ =~ - -
add washers and tighten nut

replace it with-bolt of larger diam-
ete_r

' v

» -

20. How many pdunds gravel would’ ¢
you need to repair an area 10 x 50 feet
on ‘a mineral surfaced built-up roof?

a. 2000 c. 800
b. 1600 ’ d. 400 y




. LESSON 4 .

\ INTERIOR FRAMING 0 |
CREDIT. ﬁ;wzs S A ‘ . '
TEXT ASSIGNMENT ____°_ | _ ‘__swdy Chapter 4 of Memorandum 537. -
LESSON OBJECTIVE ___________________ To teach you the methods for installing and '
. maintaining interior walls and ceilings,
. . ' doors and window trims, and ﬂoors and
- o ) stairways. . ‘
- - J

.o . , ‘ . L2 . . .. . .

) : . E?(ERCISES . .. . ‘ l
- o o . . Cor v )
T Requirement: Solve the. /lelowmg multi- . a. 1/16 inch ¢.” 3/16 inch - o
R ple-chome exercises.’ . ’ '

b. . ¥4 inch d. 14 inch

"* 1. You check seasoning and color
. , .in selecting wood wall coverings. What
‘ else do you consider?

4. When installing hix;ges on
doors, where would you place them?

s

a. knots and erain a. 12 inches from top and 12 inches: =~ T .
§ ' from bottom : N . ¥
b. - grain and finish ‘b 9 inches from top and 11 inches
} c. knots and durability from pottom . * .
d. grain and durability " e. 7 inches from:top and 11 inches
i . . from bottom
_ % -Inmost windows, what does the d. 5inches from top and 7 inches from
Ainterior window trim consist of? bottom

a.  trim, stool;, and apron .
5. You have a bolt that does not
hit the striker plate properly. You de- -

b. casing, apron, and trim

c. casing sill, stool, and apron cide to file a bigger holé in the ‘striker
L ‘ . .
d. trim, sill, and stool . plate. What tolerance do- you have in
8 anc e this filing before you must remove the
i late and then raise or lower it
8. You are replacing a panel in a striker p
door, and you-Rave cut the exterior to match the bolt? /. \
s grade plywood to fit the panél hole. a. 1-inch . 14 inch
How much clearance do you allow, in - )
width and length, for the new panel? b. 3/16 inch - &4 1/16 inch
. % 5
. 4—1

o - . J1g | .




< )

6. If you use plywood as the base
for nonwood floor covering. What mini-
mum thickness of plywood do you select
and How do you lay it3
a. 3% inch tluq.k 4 ply, with moisture-

resistant glue.

b. 34 inch thick, 3 ply, with moisture-
resistant glue

]

-
¢. 1 inch thick, 4 ply, with moisture-
resistant 'glue

d. Y inch thick, 3 ply, with moisture-
resistint glue ‘ -
7. Why are double plates used on

wall?

a. add strength for floor” a.nd ceiling
joints

s’

% ven stack
c. more s ngth for the wainstot

d. ‘additional nailing. surface for the
ends of wall panels - .\\

8 Y nstructingsa s sta1r
way that will be suitable for most, per-
sons (all ages). to climb, "Which of the
follo&ing would accomplish this?

a. 10-inch tread, 7-inch riser
b. 8-inch tread, 7-inch riser
¢. 10-inch tread, 5-inch riser
d. 10-inch tread, 9-inch riser
9. In lay.ing out stringers, you
subtracted one tread thickness from the

height of the first riser. Why did you
do this?

8. compensate for tread thickness on
the first step ,

so that stringers could be notched
to fit ledgerboard

¢. to permit use of kickplate at bottom
of stringers

& compensate for slope of stringers in
stairway

both ends of the studs of a partition

b. extrs support to the wall for thes

10. To get best results, when would
you place tile on asphalt adhesive?

a. just before gloss disappears ~

b. after gloss is gone, and surface is
tacky and appears dry
c. while surface is wet and tacky

d. after gloss is gonza and surface is

\ . quite dry

11. On what part of the wall would
you place the picture mold?

a. above the window and deor casings
W 12 to 18 inches from the floor
¢. 48 inches from the floor
d. near the ceilling
12. How' many squdre feet are in a

floor requzrmg 12 standard tiles in
length and’8 standard tiles in width?-

-~

a. 108 e. 72
‘b 96 d 5¢
\ .
. 13. at is the name given to ﬂo(g_rs

of tile-size wooden blocks?

a. wainscot

b.“g parquet

14. The desirable number of steps
in a flight of stairs is determined by di-
viding the total rise by

a. 10 c. 8
b. b a7 N

c. square tile
d. strip tile

15. Which of these methodsswould
' you usge to loosen and remove an asphalt
tile?

a. heat :ind tlien use hammer and
chisel el

b. heat and lift cut with putty’knife

soak with water a.nd rake out with
hoe

d. apply ice ahd chip out with hammer
and 9}2 chisel

J
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16. You have decided to place felt
on the subfloor. What is the best way
to do this?

a. cut felt for entire room before any
of it is pasted down

square the ends a.nd join them at
lap Jomt

¢. overlap the felt on-all sides

d. cut the felt and make a lap joint

17. How many inches of head room
would you allow for a normal stairway?

“a. 90 \ c. 80
b. 86 d 72

18. You are making the riser Qght\.
7 inches on the stairway that you are

A

building. How wide will you gnake the
tread in inches?

a. 7to9 c. 17 to 18
b, 10 to 11 ° d. 20 to 22

19. How would you fasten nonslip
nosings to stair treads? K

Fa

% a. nails

b. screws

¢. adhesive paste

d. nonresistant glue
20. ' A landing shoulgi be placed in d

the middle of a stairway when the num-
ber of steps exceeds?

a. 20 ’ e. 15
bh. 18 > - 4. 14

L

58.996. AG — Ft Belvair




al

o L | e
- = C'ORRESPONDENCJCOURSE OF /_g,
. U.S. ARMY ENGINEER SCHOOL

&

T
&SUBCOUl-QSE 5320 . ..... A \ C e Carpentr'y Il (Frame Construction). [I )
, LESSON 1 . . SRR P Building layout and floor framing.
L . SO!:UTIONS . @‘
i Each exercise has a weigh't of 5. All references are to I:Iemorandum 532, ~ ﬂ )
‘1 d (par 2-13) Y b (par 346)
2. 3_ (par 1-14) . 12. a (par 3-])'
, 3. a (par 1-12) \ 13. d (par 3-62)
4.~ c (par‘2-25) 14, d (pz:r 3-61)
5. b (par 2-6) ) 15. ¢ (par 1-6)
6. @ (par 3-10) 16. ¢ (par 2-2)
~ | 7. b ‘(par 3-8) 17. b (par 2-19)
. 8. b (par 3-6) ’ 18. a (par 3-9)
9. ¢ (par 3-42)- T 19. ¢ (par 3-23)
10. ’a (par 3-32'- 20. a (par 3-36)
For further explanation, see Discussion. /
3 .

All concerned will be careful that neither this solution nor information concerning the /
same comes into the possession of students or prospective students who have not completed |
the work to which it pertains.

— EDITION 0 (NR! o0 ¢ 1—-1

This copy is a reprint which includes Solution Change No. 1, dated 14 June 1973.




DISCUSSION

Exercise: - .

1. The full unit form permits a long wall to be buiit in sections (d) using the same form
for the different sections. ‘ .

.o

" 2 To check whether the building isiuare, you should check the corners by measuring
_the diagonalis of the buil&ing (a). If the diagonals are not the same length, the building is not
square. . '
". 3. This rule is followed by laying out a triangle with the three-foot leg along the base
line, the four-foot leg at right angles with the base line, and the, five-foot leg connecting the

ends of the other two legs. The perpendicular leg is extended to the opposite side to locate the
third corner, which is where this line and the oppdsite side line eross (a). .

4. Supporters and stakes are usually 2 x 4’s (¢) of the kind and grade of lumber used

for wall ?rlm.ing. - s

] 5. The footings may be poured prior to or with the rest of the foundation. When the
- footing is poured separately. Shifting of the foundation is prevented by keyways or metal
pins (b). : J . (

8. If the outside surface of the ‘wa.ll is stuccoed, the outside edge of the sill should be
placed even with the outside edge of the foundation wall (8). When siding is used instead of
stucco, the, s@djng provides the overlap below the sill. o .

7. Sizes of sills vary for the various types of construction. 'For small buildings of light-
frame constructipn, a 2” x 6” sill (b) is large enough under most conditions.

8. If the header is spiked against the joists, the sill plate woulgl be 27 x 10” (b).

9. When locating columns, it is well to avoid spans of more than 10 feet between col-
umns that are to support the girder; therefore three intermediate points (c¢) should be used.
Figure 22 shows a good arrangement of the girder and supporting columns for a building 40
feet long. : .

10.- According to par 3-32;/
.26 = length of building
- 12’ = distance of girder from one end

14’ = length of girder
% X 12 + 1 X 14 = 8 + 7 = 13 = floor length loading girder

13 X 18 = 234 sq ft girder load area *
234 X 80 (total load per sq ft) = 18,720(b) total pounds &a girder

3
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. « Floor or ceiling joists should be Iong enough to give a sufficient bearing to each end.
Ina frame building, a minimum of 3 inches is usually satisfactory for cemng joists, but at
lmt 4 inches (b) on each end is preferred for floor joists.

- 12 The L-sill is generally used in the platform.type of framing. It provides solid bear-
ing upon which to nail the subfloor (a).

13. Small holes such as a hole for a 1” pipe, drilled near the center of a joist (d), will
not decrease the strength to any great extent, because the upper and lower fibers have not
been cut.

14. The trimmers and headers for chimneys should be located two inches from each sur-
face of the chimney to prevent the heat of the chimney from causing a fire. Therefore: 24"
+ 2’[ + 2II — 28[[ (d) /

b

15. " The first batter board erected should be located at the highest point (c) of the build-

site. If the ground is relatively level, the first batter board can be erected at any point.

16. Wall-type foundations are solid and usually form a continuous support for the ex-
ternal walls of a building. You use the wall-type where heavy building loads are to be sup-
ported or when the structure is-aof permanent type construction (c).

17. The wall forms will be anchored with stakes, and they are driven between the forms
to assure proper thickness (b) and easier leveling. Figure 8 illustrates this method.

18. Material for sxlls'&xay be of practically any locally available lumber, but for stan-
dard permanent construction No. 1 common lumber (a) should be used.

19. When depth of girder is doubled the safe load is increased four times (c). In other
words, a girder 3” wide and 16” deep w111 bear 4 times as much welght as a girder 3” wide
and 8” deep. .

20. To make a built-up girder, select straight lumber free from knots and other defects.
The length of the stock shou!d be great enough so that no more than one joint (a) will occur
over the span between footings.

/2




%  CORRESPONDENCE COURSE OF
" U.S. ARMY ENGINEER SCHOOL

(&

SUBCOURSE 532-0
LESSON 2 ... .. .

Each exercise has a welght of 5. All references are to Memorandum 532.

1. ¢ (par 6-8)

2. b (par 49)
3. a (par 5-8)

4 d (par 6-25)
5. ¢ (par 6-486)
6 d (\ggure ()
7. ¢ (par 6-82) -
8 ¢ (par 7-19)
9. d {(par 7-5)
10. a (par 6-43)

............... Exterior Framing.

SOLUTIONS

11.

12,

* 13.
14,

+ 15,

16

17.

v -18.

19,

20.

For further explanation, see Discussion.

.

(par 8-16)
(par 7-38)
(par 7-34)
(par 6-62)
(par 7-2)

- (par 8-7)

(par 8-6)
{par 8-3)
(par 8-17)

(par 7-18)

/ N .
............... Carpentry Il (Frame Construction).

)




_ . = DISCUSSION -
| Exercise:

. ¢
1. Headers are usually made of stud material and may be installed flat or vertically.
Vertically installed l}‘egdem are stronger but must be spaced with 3g-inch (c) material.

. 2. It is well to remember that if the height of the stud as a column or post is more
than fifty times its unbraced dimension, it is unsafe. To keep within this ratio, an ordinary
2 x 4 standing unbraced should not be more than about 6 (b) feet in height, about fifty tim
1%”. . .
3. Sheathing serves to|prevent movemen{pf air through walls of buildings 4nd in this
way insulates or deadens exten;al sound (a). > a

4. The location of the channels determines the approximate clearance between the bot-
_ tom of the door and the floor. Youw can, however, make final vertical @djushnenix on the bolt

<

of the roller assembly (d). . .-

' 5. Like doors, windows have two main parts — tlie frame and the sash (¢). The window
frame finishes the wall opening and holds the sash, which contains the glass and which mays
‘e moved for opening and closing. ”

6. Girders for porches are required as part of porch framing to carry the porth joists.
They run perpendicular to the building wall (d) as shown in figure 77. ) -
»

(3

7. Of the choices offered, northern white pine (c) % to 1%.inches thick would be used
for screens and sgreen repairs. ) *

) 8. Vinyl or other plastic materials are easily molded during manufacture into a variety
of shapes (c). A wide selection of colors is available also. .

9. Building paper is a felt-type material impregnated with tar or asphalt. It is some-
times referred to as building felt. Different weights are available, but 15-pound paper 15
pounds per 100 sq ft) (d) is usually used under the siding.

10. Weather stripping of several different types is available; felt and rubber materials
are soft or spongy and are fastened to the dogr jamb. Install metal weather stripping on the -

side of the jamb (a). o

\11. The rise per step should not be more than 8 inches (b). There are times when 5%
and 6 inch risers are used, but from 6% to 7 inches make the most comfortable step to

travel. . -

12. When only a part of a board is to be replaced, you cut the board with a wood chisel
80 that the joint will be on the center of a stud (d). This will provide a nailing surface for
the ends of the old and new boards. ’ .. ,

¢ 18. Gun application of grade 1 is recommended for general use, since it is easy to apply,
is economical, and takes about one-third :the time (d) required for knife application.

N’ 2_2 .




14. One gallon of putty will normally bed and face glaze approximately 150 linear feet
of % inch rabbet.

27" .
X 4 sides to each’window
108" = liner inches in one wmdow

-

v X 100 windows o
' 10,800” = linear inches in the 100 windows °
900 = linear feet in the 100 windows
. 150’ = linear feet from one gallon Cs
! 800’ = 150’ = six (a) gallons needed for the 100 windows.

] 15. Wood is ordinarily used at least for the trim. In choosing the wood, you should con-

" v sider its paint-holding quality, the grade, and its decay resistance. The grain patterns (a) are

un&mportant in selecting wood for the finish. -

16. Porch girders carry only the weight of the porch floor and joists. Accordingly, there

is no need to consider any load other than.40 pounds per square foot live load plus 10 pounds
(b) as a godd average for the dead load.

17. To provxde adequate drainage, a porch floor should slope % inch per foot away from
~ the wall of the building. A slope of 2 inches (8/4) wopld indicate the porch extends 8 feet
from building (a).

18. The general type of front or side porch usually requires concrete footings 18 inches
square and 8 inches thick. Such footings should not be spaced more than 10 feet (s) apart.

, " 19. Although it is not a common practice, it is practical to plow firrows on the under-
side of treads (a) at intervals of 3 or 4 inches and about ! inch deep. This will help prevent
* warping and will allow the tread to lie flat when securely nailed to the carriage.
20. Corrugated and V-crimped sheets are usually 26 inches wide (b) and in lengths of 6
.+ *  to 12 feet. They can be installed honzontally, but more often they are placed vertically.

9
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o CORRESPOMNDENCE COURSE OF
U. S. ARMY ENGINEER SCHOOL N\

SUBCOURSE 5320 . . .. ............ Carpentry |1 (Frame Construction). .

LESSON 3 .. ... ... .......... .. Roof framing and materials.
SOLUTIONS

Each exercise has a weight of 5. All references are to Memorandum 532.

1. a (par 9-49) . 11. a (par 10-33)

2. b (par 10-9) ' 12. ¢ (par 10-13)

3. ¢ (par 9-67) 13. b (par 10-52) |

4. b (par 9-44) ' 14. d (par 10-62)

5. b (par 10-18) 15. d (par :10-17)

6. a (par 9-30) 16. ¢ (par 10-76) '
7. b (par 10:18) : 17. b (par 10-80)

8. a (par 10-17) ' 18. d (par 10-75)

9. d (par 10-25) 19. ¢ (par 10-42)

10. ¢ (par.10-31) 20. a (pars 10-13, 10-64) .

".For further explanation, see Discussion.




DISCUSSION

M '

Exercise:

1, Spacing is determined by the stiffness of sheathing between rafters, by the weight
of the roof, and by the rafter span. Spacing from 16 to g4 (a) inches is common.

2. Each roofing strip must have an overiap which must be properly cemented. Nails
must be six inches apart and 2 inches from the overlap edge (b).

8. When trusses are used to support a roof, they are often placed at intervals from 10
to 20 feet. In these instances, purlins (¢) are used to bridge in between trusses.

4. The cuts may.be any depth which is not greater than one-half the width of the rafter
material. The common depth i8 18§ (b) inches. .

\5. Built-up roofs are designated by the number of plies they cohta.in. A 20-year roof
(b) usually contains 5 plies, 15-year roof has 4 layefs, and a ten-year roof has 3 layers.

6. A cripple (a) jack rafter extends from a hip to a valley rafter. This rafter is also
part of a common rafter but toucheg neither the ridge of the roof nor the rafter plate.

7. Layers of felt in a built-up roof do not materially waterproof a roof. The layers of
felt function primarily to hold the layers of bitumen in place (b).

8. The bitumen that is used for coating the saturated felts may be asphalt or coal tar
pitch. This coal tar pitch (a) is especially adaptable for “dead level” built-up roofs on w}uch
water tends to stand. .

9. Because standing seams are unsolde-ed, they, are not used on roofs with slopes of -

less than 3 inches per foot (d) and should preferably be used with slopes of 4 or more inches
per foot,

10. Asbestos-cement shingles are used on roofs with at least a 4 inch rise per foot (c)
run; asbestos-cement sheets are used on slopes of 3 or more inches per foot.

11. Corrugated asbestos-cement sheets are normally laid over open wood or steel fram-
ing (a). These sheets are fastened to horizontal purlins that are fastened to the top of rafters

ortrusaes. s

12. There are two types of asphalt-strip shingles. One is a sta.ndard-welght four-tab
10” x 36” intended for a 4-inch (¢) maximum exposure. The other is a thick-butt, three-tab,
12” x 36” for a 5-inch maximum exposure. ,

18. Small breaks and nail holes may be repaired by applying asphalt plastic cement, but
small damaged areas and tears are repaired by placing a coated new pieee of roonng below

thedzmagedm(b) . .

14. Minor damage occurs when the nail knocks the granules off the tabs to expose black )

spota of felt but does not break the shingle. Cover the exposcd spots with a coaﬁng of plastic
cement (d) to protect the shingle, - ‘

»
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15, When you cannot use the same method of fastening, then you may substitute toggle
bolts with lead or plastic washers (d). Make a hole in a ridge that will allow the bolt to pass
through easily. :

. 16. After long periods of service, tile roofs in otherwise satsifactory condition may leak .
because of the disintegration of the So-ponnd felt underiayment (c).

17. When two sloping roofs intersect, some type of flashing must be used. A hé.styva.lley
flashing for temporary buildings is made of two thicknesses of rolled roofing. A vailey flashing -~
of sheet metsl (b) is recommended on permanent buildings.

18. The most frequent repa.u' work on a promenade tile roof is that caused by using too
few expansion joints (d) between 1he promenade tiles or by permitting the expansion’ joints
to become filled with solids,

19. When bolts that are too long are used, it is impossible to draw a nut up tight to ob-
tain g firm connection. Adding sdditional washers (¢) will take up the space and allow the
bolt to be tightened correctly.

20. A square is the amount of roofing material needed to cover an area of 100 square feet.
. Gravel is embedded in the hot bitumen at the rate of 400 pounds per square.

" 10 X 50’ = 500 sq ft = area to repair
i

500 = 100 = § = number of squares

400 = pounds of gravel required per square
5 X 400 = 2000 (a) = pounds of gravel needed.

L)
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e

SUBCOURSE 532-0 . Carpentry |l «(Frame Construction).
LESSON 4 Interior Framing.

SOLUTIONS
V4

Each exercise has a weight of 5. ‘All references are to Memorandum 532.
(par 11-23) 11. d (par 11-30)
(par 12-23) ( 12. d (pars 13-28, 29, 30)
V(par 12-22) ' '13. b (par 13-10)
(par 12-8) . 14. (par 14-12)
(par 12-\}6) L 15. b (par 13-48) .
. b (par 13-21) - ‘ 186. (par 13-20)
. d (par112) ) ' T (par 14-7)

8. & (pars 14-8, 14-25) . 18. b (par 14-8)

9. a (par 14-17) 19. (par 14-29)

' 10. b {(par 13-40) o 20. ¢ (par 14-3),

(J

"For further explanation, see Discussion.




DISCUSSION

Exercise: .
1. The wood used in wall covering is usually selected because of its desirable color, the
number and kind of knots, and its grain ().

2. Interior trim of double-hung windows consists of the casing, sill, stool and apron
(¢). See figure 1

3. Yo a wood chisel to remove the panel molding. Cut a piece of plywoed
3/16 or Y4 in and make it 14 inch (b) undersize in width and length to replace the old
panel.

LY

4. When the door is properly positioned, it should be firmly wedged and the hinge loca-

tions marked on both the stile and the jamb 7 inches from the top of door and 11 inches from
bottom (e¢) of door. .

5. If the bolt strikes squarely on the plate and requires removal of as much as 14 inch
(¢) of the metal, remove the striker plate and raise or lower it to match the height of the bolt.

. J -
'8, Plywood underlayment shou‘gld not be less than 3¢ inch thick, 8 ply, with moisture-
resistant glue (b). . .

7. Double plates are used on both ends of the studs to provide an additional nailing sur-.
face for the ends of wall panels (d). .

8. If the riser height is 7 inches, which is the most desirable height, then the tread width
would be 10 inches (a). The slope of a stairway should be between 20° and 50° from hori-
zontal, but 30° to 35°'is preferred, for this slope is easier for most individuals to climb.

9. The square is héld as shown in figure 152, and then the thickness of the first tread
is subtracted from the height of the first riser. This subtraction is necessary to compensate
for tread thickhess (a). ?

» 10. You should allow the adhesive to dry until gloss is gone and surface is tacky and ap-
pears dry (b). Tiles placed on adhesive that is still wet will prevent adhesive from drying and
tiles will alip. Tiles placed on adhesive that is too dry will not stick securely and will give off a
hollow sound when they are walked upon. '

11. The picture mold is placed against the wall near the ceiling (d), usually up against —
the ceiling. Some builders prefer to lower it to 12 or16 inches below the ceiling, .

12. Standard tile is 9" x 9” .
12 X 97 = 108” = & = length of flcor
8 X 9 = 72 = @& = width of floor
9 X ¢ = 054 (d) square feet floor area
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" 18. Wood floors 6f tile-size wood blocks are . vaquet (b) floors. Tongue-and-groove
strips of wood are assembled to form square tile. Some of these blocks are glued together, and
others have several metal straps across the back.

14. The number of risers on a st’nnger is determined by dividing the total rise by the

——-- --*riser height..Seven (d)- inches.is the preferred riser height. -

15. Single tile may be remoyed by chipping out, but applying heat to tile will loosen it
from the cement so that it can be lifted out with a putty knife (b). ,

18. The edges should never be overlapped. Where two strips of felt join, they, should be
butted together. For b&thsults the felt is cut for an entire room before any of it is pasted °

- down (a).

1. Head room is the clearance measured vertically from the top of a tread to the under-
side of\the stair or ceiling above. Seven and one-half feet (a) clearance is satisfactory for
head room on normal stairways.

18. One tread width and one riser height added together should be between 17 and 18
inches. For example, if the riser height is 7 inches (the most desirable height) the tread width
would be between 10 and 11 (b) inches.

4+ .

19. .Special care must be taken in setting the nonslip nosings on worn treads. Commer-
cial tread nosings may be used to rebuild tréads. Screws (b) are preferred for fastening the )
nosings in place because they do not work loose as easily as nails, ) —_

20. A stairway with a long flight consisting of more than 15 (¢) steps is tiring because it
offers no opportunity for a pause if\‘ascent. For this reason a landmg should be introduced,
usually at the half-way point.
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CHAPTER

Building Layout'and Floor Fremlng

§

HE CREATION of a building begins on * tively high ground. This will minimize the possi-

the drawing board. To make it a reality, the
building plans must be given to the carpentry
specialists who, in turn, perform the necessary
tasks until the bunldmg cmerges as a completed
structure.

2. A building or structurc is mv morc stable
than the ground on which it is located and no
stronger or morc rigid than the foundation on
which it stands. As a carpentry specialist, you
may be required to construct a building or struc-
ture of some type. To help you do this, we will
give you a stcp-by~step procedure for laymg out
a building. >

3. The term “laying out" means thc process
of locating and fixing reference lines which de-
finc the position of the foundation and outside

. walls of a building or structure to bc erected.

4. This chapter wil introduce you to the 'pro-
cedures to be taken in laying out a building and
constructing the floor framing. You may ask,
“What are the steps in laying out a building?”
Well, study this chapter carefully and you can
acquire the necessary knowledge to perform these
tasks. ,

1. Building Layout "

I-1. You have learned in Volume ! to deter-
mine the detailed construction features of build-
ings or structures from working drawings and
prints. Now we arc ready to discuss the actual
job of constructing a building.

1-2. The first and probably the most impor-
tant task is the layout work. During layout, you
will establish the exact location and outside di-
mensions of the building. )

1-3. Before constructing a building, you
should make a careful study of the building site.
Some of the items you must check when making
the study are soil characteristics, natural dtain-
age probabxlmcs and surrounding structures. If

. possible, buildings should be located on rela-

phility of water seepage at the foundation.

1-4. Building Lines. After the location and
alinement of the building have been determined,
you are ready to stake out the building. Staking
out is'a method of marking the corner locations
so that the exact boundaries (building lines)
can be determined. You will usually lay out and
stake out small buildings, but an engineer, will
stake out largc buildings or structurés. If. you
don’t have a transit to accuratély measure the
angles, you can measure them satisfactorily with
a tape measure. You should suse a steel tape

- if available. Accuracy cannot be overempha-

sized. because a mistake in either laying out or
staking out thc building could be a ¢onstant

source of trouble as the building progresses. The-

outside surfacc of the foundation walls is the
building line, and the edge of the excavation is
the excavation line. It is important that these
lines be accurate and permanently marked. The
marking is done with a tightly stretched cord,
approximately ¥4 inch in diameter.

1-5. Batter Boards. It s rcustomary to con-
struct batter boards, as‘shown in figure 1, to
hold the cord. Batter boards are preferred be-
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causc thcy remain in place during the excava--

tion. The approximate location of the building
must be determined and”the batter boards posi-
tioned before an accurate layout can be made.
Onc of these boards should be placed about 4
feet outside of each corner location,

1-6. The blueprint will indicate the size of
the building and specify how far it should be
placed from some stationary reference line. With
this information, it is possible to properly locate
the batter boards. The first batter-board erected
should be located at the highest point of the
building sitc. If the ground is relatively level, the
first batter board can be erected at any point.
Regardless of which batter board is first erected,
the crossbars of all batter ‘boards must be level
with each other.

~




CROSSBARS

. Figure 1. Three-post batter board.

1-7. Prepare the batter boards with posts of
sufficient length to serve as secure angchors. They
must maintain a reliable reference?fnor location
and height until construction of the foundation
is completed. Therefore, they should be strong
enough to hold a tightly stretched cord and to
absorB" occasional accidental bumps - without
moving.

1-8. Layout. When the batter boards are in
place, the exact comner points can be located.
The location of the first corner can be deter-
mined by measuring from the reference line
shown on the blueprint. When this location has
been determined, it should be marked by driving
a stake into the ground. A small finishing nail
should be driven flush with the top to mark the
exact location of the corner. A line should be
stretched between’ the, first and second batter
boards, parallel to the reference line. This line
must pass directly above the nail in the first
corner -stake, and will be referred to as the base
line. You can check the location of the base
line by measuring the distance to the reference
line at both ends. !

1-9, Leveling the lines. To level the base linc,
use a line level, The line level consists of a bub-
ble tube set into a metal case which has a hook
at each end to permit it to be hung on a line.
Figure 2 illustrates a line< level. A line level is
particularly useful when leveling between two
‘points that are too far apart to use the carpen-
ter’s level and straightedge. To use the line
level: .

_ @ Stretch a line between the two poiats
which are to be checked for level.

® Hang the line level on the line near the
centet and see if the bubble is in the middle of
the tube. If not, lower or raise the line until the
bubble rests in the center of the tube.

® Check the Tevel by turning it end-for end,

and recheck the line. This is done to check the
accuracy of the level. Sometimes the hooks at
the end of thc level will gct bent, causing the
lcvel to read untrue.

® Keep the level in a box when not in usc,
as it is a delicate instrument. This box keeps the
bubble from being broken and the hooks from
being bent. et

1-10. Locating the other corners. The length
of the side of the building, whichi’ lies between
the first and second cornérs, should be mea-
sured along the base line from a point digectly
above the nail in the first corner stake. Another
stake should be driven to mark the second cor-

' ner and a nail driven in its top to mark the

cxact cornér location.

1-11. You can .check the opposite side line -

of the building by fastening a line between the
third and fourth batter boards. This line is made
parallel to the base line in the same manner that
the base line was made parallgl to the reference

. line. . .

1-12. The third corner is located by placing
a cord between the second and third batter
boards. You can make this line perpendicular
by any one of several methods. One method,
the “three, four, five” rule, is accomplished by
laying a triangle with one 3-foot leg along the
base line, one 4-foot leg at right angles with the
base line, and a S5-foot leg connectipg the ends
of the other two legs. The triangle must be so
located that the 3-foot leg and the 4-foot leg
join exactly over the corner stake nail head. For
greater accuracy, a larger triangle may be used.
Regardless of the size of the triangle, one leg
must be perpendicular to the base line. The per-
pendicular leg must be extended across the
building layout to the opposite side in order to
locate the third corner. A third corner stake is
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Figure 3. Layout procedure.’

placed where this linc and the oppositc side line
cross. Figure 3 illustrates the layout procedure.
1-13. The fourth corner can be located by
laying out the length of the side from the third
corner along the opposite side line. Aftdr the
corner has been determincd and marked, you
must stretch a cord between the first and fourth
batter boards $o that it passes dircctly over the
nailheads in the first and fourth corner stakes.
1-14. Squaring the building. At this point,
the lengths of the building sides have bcfn'cs-
tablished and the corners should be properly
located. However, since therc is a possibility
that the corners arc not square, you should
check them by measuring the diagonals of the
building. If thc diagonals arc not the same
length, the building is not squarc. In this casc,
the third and fourth stakes must bc moved along
the opposite side linc until the diagonals arc
even. When you check the diagonals, the exact
length of the building must. be maintained be-
tween the third and fourth stakes. The four cor-
ners that have been located arc the cxaet cor-
ners of the building. Cords connccting these
four corncrs will represent the building line.
I-15. The excavation line may somctimgs be
the same as the builng linc; but in most cascs,
it is.located 2 or 3 feet outside_the building
line. By placing the cxcavation linc 2,to 3 fect
“outside the building linc, you allow room to
crect the forms for the foundation walls. After
the final layout has been checked, saw cuts
should be made in the outside edges of the bat-
ter boards to hold the line in, placc. When the
saw cuts (kerfs) have been made, the lines can
+be removed and replaced whenever they .are
needed for reference during excavation and
foundation construction.
1-16. Buildjng Maferials, Once the site has been
sclected and the building lines have been estab-

lished, you will have need for the many differ-
cnt materials which will be used in the building.
The jobs arc scheduled so that they will be done
in an orderly scquence. The building materials
must be ordered to arrive ‘as needed, also. How-
cver, the arrival of materials -is somectimes de-
layed for various rcasons. When materials fail
to arrive as needed, schedules are interrupted
and must,bc revised. After the schedules are
changed, the matcrials ordered according to the
original plans may be rcécived on the site be-
fore they can be uscd. The stacking and storing
of thc matcrials must bc arranged so that they
may be cfficicntly uscd when they arc required.

1-17. Ordering. The Yscheduling of jobs and

" ordering of materials is usually done by work

control spccialists and technicians. You must,
however, keep them advised of work progress
and conditions at the sitc which may change the
scquence of work tasks or the requirement for
particular materials. Good thinking and planning
for futurc nceds is rcquiréd because there is
often a considerable period of tims between the
datc chat materials arc ordered and the date they
arrive on tht site, It is a good practice .to have
matcrials delivered at least a short time before .

-

they arc to be uscd. This allows for proper stacks

ing and storing .of thc matcrials and often pre-
vents delays and rescheduling.

1-18. Stacking and storing. You will always
stack lumbcr according to the procedures which
you lcarncd in Volume I, using dunnage to
allow free air circulation through the pile. It is
also important that thc materials be placed in
the proper locations. Particular typcs of lumber
and supplics should bc stacked as near the area
where they will be used as possible. Where ma-
terials, such as wall framing Jumber, are to be
used throughout the structure, you may stack
several piles around the structure, When one
matcrial must be stacked on top of another, be
sure you place the one to be used earlier on top.
Never stack materials in front of doorways so
that thcy prevent access by delivery vehicles.
Many materials, which arc subject to damage by
¢xposurc to the weather, are stored in the struc-
ture being built as soon as the roof is installed.
Extra carc must be used in selecting storage lo-
cations inside thc building to prevent interfer-
cnce with work progress and the necessity for
moving stacks and piles of materials. -

2. Foundations

2-1. The construction of any building must
start, with .a foundation. Foundations may be
constructed of cut stone, rock, brick. tile, wood.
or concrete. The material used will depend upon
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the type of structure, the availability of thc ma-
terial, and the amount of weight it must support.
An inadequate foundation will result in uneven,
scttling, and may cause cracked plaster, ill-fitted
doors, or sticking windoys

~ 2-6. These broad. flat bases for._foundations »
are normally formed of concrete. They may be

poured prior to or with the rest of the founda-
tion. When the footing is poured separately,

2-2. Wall Type. Wall-type foundations - arc
solid and usually form a continuous support for
the external walls of a building. You will use
them where he building loads are to be sup-
ported or when the structure is of permanent-
type construction. Also, when a portion of a
structure (as a basement) is below ground level,
a wall-type foundation “is used. These foupda-
tions arc usually built of masonry, either laid
bricks (including tile or olocks), rock, cut stone,
or formed concrete. *

2-3. Pier (Column Type). Piers or columns are
used on constructions of a temporary nature.
The use of piers or columns saves time, labor,
and material. They are spaced according to the
amount of weight to be carried. This spacing is
generally from 6 to 10 feet. When wooden.picrs
“which extend more than 3 feet above tfic
ground are used, you should strengthen them
with crossties and diagonal braces.

. 2-4. Bearing Piles. Piles are Columns of tim-
ber, steel, or concrete driven vertically into the
ground to support a load. They arc drifen until
they bottom on firm stratum or the friction of
. the earth around them is sufficicnt to permit the
pile to carry the load. Pilcs arc spaced according
to the load they are to support.

2-5. Footings. Just as the foundation supports
the building, the footing forms a solid base for
the foundation and gives it firfp support. Foot-
ings are usually wider than th&gu_ndation and

thercby spread the weight of the foundation and -

its load over a greater arca of the supporting
carth. Location of the footings is usually below
the soft loamy surface soil and below any pos-
sible frost line in geographical areas where
ground frost occurs.
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Figure -4. Methods of locking walls to footings.
" v

ways or metal pins, as illustrated in figure 4
Column footings should extend above ground or
floor level to prétect the column from deteriora-
tion due to dampness. ‘

2-7. Excavations. It will be necessary, in many
instances, to remove earth at the building site
so that.the foundation may be located correctly
and firmly supported. The resulting excavations ,
may be simple footing-shaped holes for columps
trenches for wall-type foundations, or extensive
carth works for basements. ;

2-8. Beforc you start the excavation, it is ad-
visable to recheék the location of the batter
boards and the excavation lines. If excavations
for footings are carefully squared and dug to the
correct dimensions, forms fof holding the con-
crete will not be required. '

2-9. Trenches will usudlly be as wide as the

rcquired footing and are located so that the .

foundation wall will be centered in the excava-
tion. If the wall forms require additional room
for placing and bracing, the size of the excava-
tion must bc cnlarged accordingly.

2-10. Concrete Forms. Concrete forms are
made for molding concrete foundation footings,
walls, and piers. This type of construction is the
reverse. of other constructions because the in-
side of the form is the finish side. Since the
dimensions arc all inside measurements, you
must create a different mental picture from that
required in ordinary construction. The blueprint
will show the details of the foundation, but the
features of the necessary forms must be deter-"
mined by the personnel in charge of construct-
ing them.

2-11. Wall. A concretc form is similar to a
jacket placed around an object. The form is the -
reverse of the objcct to be formed, and every
knot, rough grain_in the material, or irregular-
ity in the form wiil be duplicated in the finished
concrete. The form is used to retain the plastic
concrete until it sets and hardens. Most forms
consist of threc main members: retaining boards,
supporters, and braces. These members arc
illustrated in figurc 5.

2-12. For all walls above the ground and
many undergiound walls, double-sided forms
are required. These forms must be strong enough
to prevent bulging from the pressure of the
wet concrete. Tic wires arc used to help prevent
this bulging. There arc scveral different types of
wall forms that you may use. The type which
you select will depend upon the dimensions of
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the wall to be constructed, availability of form
materials, time limits, and cost factors. The most

* common typc of form used is the full unit form.

This form is illustrated in figure 6.

2-13. The full unit form is used for casting
long walls in scctions. This type of form permits
a leng wall to be built in sections, using the
same form for the different sections. After the
first section is poured and set, the form is re-

moved and repositioned for the next section. .

One end of the form is open to fit over the end
which is overlapped when the form is shifted to

the extsection. LocKing of the sections may be
accomplished by extending the concrete rein-
forcing steel through the ends of the forms or

by forming a tongue amy groove, as shown in

figure 6. The tongue board stould be beveled
slightly to allow easy removal of the end of the
form.

‘

CONCRETE 2 o

W

N\

TIE

\

<)

NN

suppoRTER BOARODS
OR STOPS

Figure 5. Main members of concrete forms.

2-14. A layer unit wall form builds a wall up
in successive layers. This form is a modification
of the full unit form with th!jscctions built up
vertically instecad of horizontally. This type of
form is uscd where high concrete walls are con-
structed which could not be poured in one con-
tinuous operation. These layers may be tied or
locked in the same manner as the full unit
formed wall, except that the groove or extended

- steel will bé at the top of the wall form.

2-15. The continuous wall form is used when
a long wall is to be constructed and cost is no
problem. This type of form is not as economical
as the full unit form because of the amount of
lumber required. However, where time is mors
important, this type of form is always used.
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Figure 6. Full unit form.

2-16. Pier and column. Pier and column
forms are boxlike forms open at the ends and
suitably braced to prevent bulging or breaking.

_There are two general types of these forms: -

continuous and sectional.

2-17. A continuous form 1s suitable for short
piers or columns and extends from the bottom
to the top of the pier. A form of this type is
slightly tapered sothat it can be lifted from the
formed concrete.

2-18. Scctional forms are used to build col-
umns in sections. For easy dismantling and -re-
assembling purposes, the forms are held to-
gether by bolts and wedges. The sectional form
operates on the same principle as the layer unit
form for walls. The concrete is poured and left
to set and harden; then the form is dismantled
and réset for the next section. For easy dis-
mantling, double-headed nails are used. Figure 7
illustrates this form.
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2-19. Footing. If the excavation is greater
than the width of the footing of the soil is such
that the sides of the trench will not stand till
concrete can be poured, wooden footing forms
must be used. These will usually be simple, con-
tinuous Wall forms anchored with stakes. Grade
stakes are driven between the fofms;” as illus-
trated in figure 8, to assure proper thickness
and gasier leveling. You must remove the stakes
before the concrete sets.

2-20. Floor and sidewalk. When" a concrete
floor or sidewalk is to be poured; a definite
grade is required to obtain the correct thick-
ness throughowt the slab. To held the’concrete
until it sets and hardens, a system of guides is
used. This guide $ystém involves an arrange-
ment of screeds, as illustrated in figure 9.

" * APPROX | -
[ ¢ ‘. 2"011

Figure 8. Wooden footing forms.

2-21. When this system of screeds is com-

pleted, the concrete is poured. A straightedge,
* resting on the screeds, is worked in a sawlike

motion to bring the level of the concrete to the
_top of the screeds.

2-22. Girder and beam. Girder and beam
forms are constructed from,2-inch-thick mate-
rial dressed on’ all sides. The ‘bottom piece of

.smaterial should be construsted in one piece to
- £vavgid the necessity of cleats. The bottom piece
of‘the form should never overlap the side pieces;
“the side pieces must always”overlap the bottom.
Figure 10 illustrates a beam girder form and
shows how ‘it~should be nailed from the sides.
The temparary cleats shown in-the illustration
are tacked on to prevent the form from col-
lapsing when handled. ‘

2-23. Miscellaneous forms. Many types of
forms- are used for.special purposes. There are
circular forms and other curved shapes, forms
for concrete roofs, slip forms, forms for bridge
abutments and wings, and many others. This

+
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.needed, 2-inch dimension lumber of greater

. adequate. g

Figure 9. Screed arrangement. v

section covers only the basic types you will ‘use
in general carpentry work. .

2-24. Materials, The matgrials used in mak-
ing forms are selected according to the strength
required. However, because of almost universal
use of wood' in framing buildings and its avail-
ability ats the building site, wood of certain
common dimensions will normally be used.

2-25. Supporters and stakes will usually be
2 x 4's of the kind and grade of lumber speci-
fied for wall framing. If greater strepgth is

width may be used. One-by-four bracing is usually
-

2-26. Forms niay be sheathed with retaining
boards of many kinds of ordinary l-inch fin-
ished' lumber..Width of the lumber has litde
impo other than the time required in using
narrower lumber. In this-respect, use of %-inch
plywood has distinct advaatages. Because of its
ability to withstand splitting and breaking, ply-
wood is also useful in*building curved forms.
You will normally use.8d nails to install 1-inch
finishcd lumber and % -inch plywood. When nail-
ing 2-inch dimension lumber, use 16d nails. If
the forms are to be reused and ease of dis-
mantling is important, double-headed nails are
uscful. .

2.27. Bracing. The weight of concrete (ap-
proximately 150 pounds per cubic foot) and its
fluidlike, creeping eharacteristics place particular

importance on the strength and rigidity of forms. - - .

Figure 10. Girder and beam form.
v
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Adcquate bracing must be used to prevent
» Mmovement of the forms from the proper scttings.
After the ccment s pourcd into the forms, re-
alinement is very difficult. There arc many ways
to brace forms but proper methods will do the
job wlth the least amount of materials.

2-28. Bracing consists of boards nailed to the
formfgupporters and to stakes driven firmly into
the <ground. Common methods of bracing are
illustrated in figure 11. The size of material

COLUMN FORM

. BRACES
STAKES

and number of braccs used must be determined ™

by considering the dimensions and weight of the
wall and the stake-holding characteristics of the
ground.

2-29. When  forms require extra strength,
they may be braced, or supported, with whalers,
Whalers are beams madc from 2-inch or greater
dimension Jumber of width sufficient to give the
required strength. The whalers are installed with
their edge to the k of the form supporters,
and horizontally alohg the length of the form.
& addition to toc-nailing them to the form sup-

riers with 16d nails, you should, install tic--
wires around the whalers. The tie-wires arc usu-
ally of soft, black No. 9 wire and should extend
through the forms andé around the whalers on
the other side of the forms. Spacers, made of
I- x 2-inch material, are installed near the tic-
wires to maintain a uniform dijstance between
the forms when the tie-wires are twisted to
firmly tighten them. You should_nail the spacers,
. through the form sheathing, with a 6d nail on'
onc end only. This all ,thcm,tN)tc casily re-
moved as the concrete is polred. .

2-30. Removal and maintenance. After the
concrete has hardened, the forms are removed.
This removal process is called stripping. When
removing (stripping). forms, exercise care and
avoid damaging the concrete and/or forms.
Sectional or unit forms should be oiled and
stored for future use. Save the lumber from
forms built up at the site by sorting it, clearing
it of nails, and piling it for use in the structure
to be built, : ]

3. Floor Framing

3-1. Now that you havc learned the methods
for building a substantial foundation, let's move
on to the task of constructing a framework to
support the floor. /

3-2. Actually, this framework will support
the contents of the building and its superstruc-
ture as well as the floor. The import ce of
strength in this part of a building is possibly
second only to that of the foundation. Of the
several methods for constructing floor framing,
we will discuss the ones most commonly uscd.

<

|t

TANDEM BRACE
FOR SOFT GROUND
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Figure 11. Methods of bracing.

3-3. The major parts of a floog frame are the
“sills, girders, and joists. Because it is the first
member placed on the foundation, we will first
consider the sill,

3-4. Sills, A foundation sill is a plank or a
timber that rests on top of the foundation wall.
It acts as a base and forms the support, or bear-
ing surface, for the outside walls of a building.
As a general rule, the fjrst floor joists rest upon
the sill. Sills, which are fastened to the founda-
tion wall. with anchor bolts, provide a nailing
surface for the remainder of the framing. These
anchor bolts arc placed when the foundation is

types of sill construction: solid and built-up.
Figure 12 illustrates a solid sill. The sill plate
upon which the joists and sidewall rest is a solid
member bolted to the masonry. The joints at
the corncrs are half-lapped together. The T-sill,
which is classified as a built-up sjll (fig. 13);1s
so catled becguse the joist header is located near
~the center of the sill'and the two members form
an inverted T. This is the more modern typc of

pouret
3-5.Tvpes of sills. There are two general *




-~

——

Figure 12. Solid sill comstruction.

sill, which may be used in modern braced frame
construction. The sill plate should be so con-
structed that it will form a straight and true sur-
face on which the joists and sidewalls rest. The
corner joints, if butted together, may be lapped
or strapped. The sidewall studs rest directly on
the sill plate; thus reducing the bearing members
of horizontal grain to a minimum.

3-6. The header at the end of the joists pre-
vents drafts between the studs and Jjoists. It also

+ provides solid sill construction and a firm base

upon which to nail the subfloor. This header
may be cut in between the joists or may be
spiked to the ends. The method you will use
depends on the width of the sill plate. The joists
should have a bearing seat on the sill plate of at
least 4 inches. If the header is spiked against
the ends of the joists, -the sill plate would be
2” x 10”. If they are cut between the joists,
the sill would be 2" x 8”.

3-7. A box, or L-sill, is anpther type of built-
up sill (fig. 14) and is generally used in the plat-
form type of framing. It provides the advan-

tages of the single sill, the fire-stop, and the solid.

bearing upon which to nail the subfloor. The
disadvantage of this type of sill is that the side-

- wall studs rest on horizontal grain of consider-

able thickness. This thickness is equal to that of

L

‘the soleplate, subfloor, joists, and sill. Notice

that the subfloor runs to the outside header
of the sill and must be laid befote the inside
wall partitions,are raised. R

3-8. Size and materials. Sizes of sills vary for
the vafious types of” construction. For small
buildings of light-frame construction, a 2” x
6" sill is large enough under most conditions.
For two-story structures and in localities that
are subject to earthquakes or high winds, a sill
4 inches deep is desirable. This larger sill affords
more nailing surface for diagonal sheathing
brought down over the sill and ties the wall
framing firmly to the foundation. L

3-9. Material for sills may be of practically
any locally available, wood. No. 1 common lum-
ber should be used for standard permanent con-

- Figure 14. Built-up-box or L-sill.

‘struction. No, 2 common lumber is suitable and

more economieal for construction of temporary
buildings. Inasmuch as the sill usually has, ‘or
should have, uniform solid bearing strength
throughout its length, great strength is not or-
dinarily required. Resistance to crushing across
the grain and the ability to withstand decay
and insect attack are the principal requirements.

3-10. Preparing and anchoring. The length of
the sill is determined by the cutside finish of the
building. Measurements for the outside of a
building are generally made from the outside
face of the sheathing or subsiding. If the outside
surface of the wall is to be stuccoed, the outside
edge of the sill should be placed even with the
outside edge of the foundation wall. When this is
done, the sheathing can be carried down and

4
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over the foundation wall an inch or so below
the bottom of the sill. When siding is used in-
stead of stucco, the siding provides this overlap
below. the sill for weather protection.

3-11. For most ordinary construction, " the sill
is placed with its outside cdge approximately 34
inch in from the outside edge of the foundation.
This space will make the outer face of the sheath-
ing flush with the outside of the foundation wall.

3-12. When’a sill of 2tinch material is used,
it is good practice to have one piece extend the
full length of the wall. If this full length picce is
not practical, a butt joint along the exterior wall
of the building is sufficient and entirely satisfac-
tory when the sill is properly anchorsd. A butt
joint is also recommended for corner joints with

- @ 2-inch sill. All joints should be made as square

and tight as possible.

3-13. Anchoring the sill is important, and in
order that the sill can be placed flat upon the
foundation, it is necessary to,bore holes through
it for the anchor bolts. Because the location of
the sill on the foundation determines the size
of and squareness of the building, these bolts
must be laid out very accuratcly. The hole lo-
cations on the sill are usuvally marked by placing
the sill on top of the foundation along the side
of the anchor boits. This placement will mark
the bolt spacing along the sill, but the distance
from the edge must be determined by measuring.
The distance from the outside edge of the
foundation wall to the center of each bolt must
be measured. If the outer face of the shedthing
is to be flush with the outside edge of the foun-

dation, the thickngss of the sheathing must be .

subtracted before marking the sill.> Figure 15 il-
lustrates laying out hole locations for sills.

“Figure 15. Laying out hole locations for sills.

Figure 16. Termite shield. °

3-14. The fiest conside‘igation’in placing the
sill is that it must bc level. This leveling will be
difficult to do if ‘the foundation itself is not
level. It is good practice for you to spread a
bed of mortar on the foundation and lay the
sill upon it at once, tapping the sill gently to
insure that the sill is level and rests firmly on
the mortar throughout its entire length. After
you set the sill in the mortar, place the nuts and
flat or O.G. washers over the bolts and tighten
them with your fingers. After the mortar has set
a day or two, the nuts may be securely drawn
down. This method of placing a sill in mortar
provides a level foundation for the sill and pre-
venls air leakage between the sill and the
foundation wall.

3-15. Protection from termites. Frame build-
ings have several natural enemies which are con-
stantly trying to'destroy them. The most common
of these are termites and wood-rotting fungi.
Subterrancan termites live underground, where
there is moisture, so they must travel above-

~-=ground to feed on the wood. Because termites

are. sensitive to light, they sometimes build"
carthen tubes for traveling back and forth be-
tween the ground and wooden members of a
building. If the termites’ food supply is cut off,
they willgcease to thrive. The most effective way
for you t0 cut off their food supply is by placing
a metal shield between the foundation wall and
the sill, as shown in figure 16. The shields should
be made of galvanized iron or copper and should
be placed over the top of all foundation walls,
porch. walls, piers, cellar posts, and any other
place where wood rests on masonry. The shields
should project. on both sides of all walls and
around all piers to prevent access from any side.

3-16. Girders. A girder is a large beam that
supports other smaller beams or joists. It may
be made up of several beams nailed together
with 16d common nails; or it may be solid wood,
steel, reinforced concrete, or a combination of
these materials. A girder is generally used to-
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. support the ends,of joists over a long span, thus
taking the place of a supporting or bearing parti-
tion. ‘

3-17. Girders carry a very large proportion of
ghe weight of a building. They must be well de-
signed, rigid, and properly supported at the foun-
dation walls and on the columns. Precautions
must be taken to avoid or counteract any future

. settling or shrinking that might causc distortion

of the building, The girders must also be installed

so that they will properly support joists.

! 3-18. Figure 17 shows the built-up girder. A
shows the two outside masonry walls, B the

4 built-up girder, C the joists, and D the support.

columns which support the girder B. This

type of girder is commonly uscd in house con-

struction. It is generally made of thrce planks
spiked together with 16d common nails. Notice
that the joists rest on top of the girder.

3-19. A girder with a ledger board upon
which the joists rest is used where vertical space
is limited. This arrangement is useful in providing
more headroom in basements.

3-20. A girder over which joist hangers have
been placed to, carry the joists is also used where

. there is little h¢adroom or where the joists carry

"an extremely hecavy load. and nailing cannot be

, relied on. These girders arc illustrated in figure
18. )

3-21. Size requirements. The principles which
govern the size of a girder arc:

d. The distance between girder posts.

b. The girder load area. .

¢. The totarl floor load per squarc foot on the

girder. _

d. The load per linear foot on the girder.

¢. The total load on-—the girder.

f. The material to be used.

3-22. A girder should be large cnough to sup-
port any ordinary load placed upon it; any size
larger than that js wasted matetial. You should
understand the effect of length, wjdth, and depth
on the strength of a wood girder before you at-
tempt to determine its size,

a2 A
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Figure 18. Joist 1o girder attachment.

3-23. When the depth of a girder is doubled, l
the safe load is incrcased four tiges. In other
words, a girder that is 3 inches wide and 12 inches
decp will carry four times as much. weight as
a girder 3 inches wide and 6 \inches decp.-In
order to obtain greater carrying capacity through
the cfficient usc of material, it is better to increase
the depth within limits than it is to increase the
width of the girder. .

3-24. Load area. The load area of a building
is carricd by both the foundation walls and the
girder. Because the ends of each joist rest on the
girder, there is more weight on the girder than
there is on cither of the walls. Before considcring'
the load on the girder, it may be well to consider
a single joist. Suppose that a 10-foot plank
weighing 5 pounds per foot is lifted by two men.
If the men were at opposite ends off the plank, .
they %uld each be supporting 25 pounds.

3-25} Now assume that one of these men lifts
the end of another 10-foot plank with the same
weight as the first onc, and a third man lifts the
opposite end. The two men-+on the outside are
cach supporting onc-half of the ‘weight of one
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plank, or 25 pounds apiece, but the man in the
center is supporting one-half of each of the two
planks, or a total of 50 pounds.

3-26. The two men on the outside represent
the foundation walls, and the center man repre-
sents the girder; therefore, the girder carries one-

" half of the weight, while the other half is equally
divided between the outside walls. However, the-
girder may not always be located halfway be-
tween the outer walls. To explain this, the same
three men will lift two planks which weigh 5
pounds per foot. One of the planks is 8 feet long
and the other is 12 feet long. Sinée the total
length of these two pldnks is the same as before
and the weight ber foot is the same, the total
weight in both cases is 100 pounds.

3-27. One of. the outside men is supporting
one-half of the 8-foot plank, or 20 pounds. The
man on the opposite outside end 1s supporting
one-half of the 12-foot plank, or 30 pounds. The
man in the center is supporting one-half of each
plank, or a total of 50 pounds. This is the same
total weight he was lifting before. A general rule
that can be applied when determining the girder
load area is that a girder will carry the weight of
the floor on each side to the midpoint of joists
which rest upon it.

3-28. Floor load. After the girder load arca is
known, the total floor load per square foot must
be determined in order to select a safe girder sizz.

Both dead and live loads must be considered in .

finding the total floor load.

3-29. The first type of load conmsists of all
weight of the building structure. This is called the
dead load. The dead load 'pér -square foot of
floor area, which is carried to the girder either
directly or indirectly by way of bearing partitions,
will vary according to the method of construction
and building height, The structural parts included
in the dead load are:

® Floor joists for all floor levels.

® Flooring materials, including attic if it is
floored.

‘e Bearing partitions.

® Auic joists for top floor.

® Ceiling lath and plaster. including basement
cciling if it is plastered.

3-30. For a building of light-frame construc-
tion similar to an ordinary frame house, the dead
load allowance per square foot of all the struc-
tural parts must be added together to determine
the total dead load” The allowance for average
subfloor, finish floor, and joists without base-
ment plaster should be 10 pounds per square
foot. If the basement ceiling is plastered, an ad-
ditional 10 pounds should be allowed. When

girders (or bearing partitions) support the first
floor partition, a load allowance ‘of 20 pounds
per squire foot is used. Another 10 pounds must
be allowed for ceiling plaster and joists when the
attic is unfloored. If the attic is floored and used
for storage, an additional 10 pounds (per sq. ft.)
should be allowed.

3-31. The second type of load to be consid-
ered is the weight of fumniture, persons, and
other movable loads which are not actually a part
of the building but are still carried by the girder.
This is called the live load. Snow on the roof
is considered a part of the live load. The live
load per square foot will vary according to the
use of the building and local weather conditions.
The allowance for the live load on floors used for
living purposes is usually 30 pounds per square
foot, If the attic is floored and used for light
storage, an additional 20 pounds per square foot
should be allowed. The allowance per square
foot for live loads is usually governed by specifi-
cations and regulations.

3-32. When the total load per square foot of
floor area is known, the load per linear foot on
the girder is easily figured. Assume that the girder
load area of the building shown in figure 19 is
sliced into 1-foot lengths across the girder. Each
slice represents the weight supported by 1 foot of
the girder. If the slice is divided into 1-foot units,
cach unit will represent 1 square foot of the total
floor area. The load per linear foot of girder is
determined by- multiplying the number of units
by the total load per square foot. You will note
in figure 19 that the girder is off center. There-
fore, the joist length on one side of the girder is

7 feet (one-half of 14 feet) and the other side is

5 feet (one-half of 10 feet), for a total distance
of 12 feet across-the load area. Since each slice is
1 foot wide, it has a total floor area of 12 square
feet. Now, if we assume that the total floor load
for cach square foot is 70 pounds, multiply the
length times the width (7° X 12°) to get the total

"square feet supported by the girder (7 x 12’ =

84 sq. ft.).

84 sq. ft.
X 70 Ib. per sq. ft. (live*and dead load)

5,880 1b.ttotal load on girder

3-33. Material. Girders may be made of cither
wood or steel, depending on the type of construc-
tion. Wooden girders are more common in small
frame-type buildings. You may use solid timber,
or you may build them up by using two-or more
2-inch planks. Built-up girders have the advan-
tage of not warping as easily as solid wooden
girders and are less likely to have dccaycd wood
in the center.
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- 3-34. When built-up girders are used, the
pieces should ly spiked together to pre-
vent them fropg buckling individually. A two-
piece girder of 2-inch planks should be spiked on
_both sides with 16d common nails. The? nails
should be located near the bottom, spaced ap-
proximately 2 feet apart near the ends and 1 foot
apart in the center.'A three-piece girder should
be nailed in the samc manner as a two-piece
girder.

3-35.. Regardless of whcther the girder is
built-up or solid,, it should be of well-seasoned

the size of the girder will vary according to“the
kinds of wood used. The reason for this variation
is that some kinds are strohger than others.
3-36. Splicing. To make a built-up girder, se-
lect straight lumber free from knots and other
defects. The length of the stock should be great
enough so that no more than one joint will occur
' over the span between footings. The joints in the
beam should be staggered, with care taken to in-
sure that the planks are squared at each joint and
butted tightly together. Sometimes a half-lap joint
is used to join solid beams. In order to do this

bottom. The lines for the half-lap joint are ther
laid out as illustrated in figure 20, and the cuts
are made along these lines. The cuts are then
checked with 4 steel square to assure a matching
joint. To make the matching joint on the other
beam, proceed in the same manner and repeat
the process. The next step is to tack a temporary

strap across the joint to hold it tightly together. -

Now drill a hole through the joist with a bit about
144 inch larger than the bolt to be used. Fasten
together with a bolt, washer, and nut.

3-37. Andther type of joint is called the
C strapped butt joint. The ends of the beam should
be cut square, and the straps, which generally are

beams, - , (
; 3-38. Supports. When building small houses

material. For a specific total girder load and span,

correctly, the beam should be placed on one .
edge so that the annual rings run-from top to*

18 inches long, are bolted to each side of the .

-

where you do not have the services of an archi-
tect, it is important that you have some knowl-
edge of the principles that determinc the proper
sizc of girder supports. .
3-39. A column or post is a vertical member
designed’ to carry the live and dead loads im-
posed upon it. It may be made of wood, metal,
or masonry. The wooden columns may be solid
timbers or may Y made up of several wooden
members spiked together with 16d or 20d com- .
mon nails. Metal columns are madc of hcavy >

- pipe, large steel angles, or I-beams. .

3-40. Regardless of the materia}] used in a
column, it must have some form of bearing plate
at the top and bottom. These plates distribute

" the load evenly over the cross sectional area of

the column. Basement posts that support girders
should be set on masonry footings. Columns
should be securely fastened to the load-bearing
member at the top and to the footing on which .
they rest at the bottom. Figure 21 shows a solid
woodén column with a metal bearing cap drilled
to provide a means of fastening it to the column
and to the girder. The bottom of this type of
column may be fastened to the masonry footing
by a metal dowel inserted in a hole drilled in the !
bottom of th.* column and in the masonry foot-
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Figure 20. Half-lap and butt joints.  °
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Figure 21, Solid wood column with metal
- bearing cap.

ing. The base at this point is coated with asphalt
to prevent rust or rot. .

3-41. When locating columns; it is well for
you to avoid spans of more than 10 feet between
calumps that are to. support_the girders. The
farther apart the columns are spaced, the hcavier
the girder must be to carry the joists over the
span betwcen -the columns. '

3-42. A good arrangement of the gitder and
suppogting columns for a 24- x 40-foot building
is shown in figure 22. Column B will support
one-half of the girder load existing in the half of
the building laying between the wall A and col-
umn C. Column C will support one-half of the

girder load between columns B and D. Likewise, -

column D will share equally the girder loads with
column C and the wall E. )

3-43. Joists. Floor joists are the wooden mem-
bers which make up the body of*fhe floor frame.
The joists also act as a ti¢ to bind and stiffen
the frame of the building. Floor joists support the
loads of the rooms they span. For example, the
load on the joists under the kitchen of a house
would'be the weight of the joists, subfloor, finish

floor, lath, plaster, sink, cupboard, and .ail other
immovable objects carried by the joists. In addi-
tion, it would include the stove, refrigerator, and
othcr movable objects in addition to any persons
in the room. .

3-44, Types, sizes, and materials. Floor joists
and ceiling joists arc considered the same because
the only difference between the two is the amount
of load they carry. Naturally, the floor joists
carry the floor load and the cciling joists carry
the load of the cciling. In a two-story building,
however, the floor joists for the second floor also
scrve as cciling joists for the rooms below. There-
fore, these joists carry the weight of both ceiling
and floor.

3-45. The principles which govern the size of
a joist are the same as for a girder, and the size
can be determined in the same manner. An im-
portant item for you to consider when selecting
the size of a joist is its load-carrying capability.

3-46. Joists, either floor or ceiling, should be
long cnough to give a sufficient bearing to each
end. In frame buildings, a minimum of 3 inches
is usually satisfactory for ceiling joists, but at
least 4 inches is preferred for floor joists. This
makes the total length of the joists either 6 or
8 inches longer than the distance between the
inside faces of the framework on which they rest.
The bearing for joists in masonry work should
never be less than 4 inches. With stone, rubble,
and similar material, a minimum of 6 inches is
recommended because of possible irregularities

-of the supporting material.

3-47. Joists may be spaced 12, 16, or 24
inches from the center of one joist to the center
of the next onc. A distancc of 24 inches, how-
ever, is too great for, proper stiffncss in most
cases, and the 12-inch spacing, except wherc
extreme loads are borne, is considered too ex-
pensive. Therefore, a spacing of 16 inches has
become the accepted standard for joists except
where framing requires special consideration. Be-
causc of a partition overhcad or some other rea-
son, it may often be necessary that you locate orie
or two joists at certain fixed positions which do
not fall at any of the 16-inch points. It is de-
sirable, ncvertheless, to start at onc cnd of a
building and space joists at 16-inch intervals, re-
gardless of special joists. This allows floor and
cciling materials with dimensions in multiples of
4 feet to be used without cutting.

3-48. Placing and anchoring. When joists are
being selected and instalicd, the crowned or
curved edge should be placed up. If the amount
of crown is cxcessive, the piece should not be
used for a joist but may be placed in some other
part of the building where the straighthess of the
linc formed by its cdge is not so important.

-
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' Figure 22. Column spacing.
" »’
- . . 3-49. The full width of a joist should be sup-

ported at the sill and at the girder. If joists are
notched wher¢ they arc framed at the girder
orsill, a ledger board" should be nailed on the
side. The joist will then be supported, as show
in figurc 18. -
3-50. The method of nailing joists, as well as
“the size and quantity of nails, will differ with each
type of framing. Of course, nailing of joists is
impossible when brick is yscd. Metal hangers are.
uscd where hcavy loads are expected and nailing
canhot be relied on. )
3-51. Bridging. Joists are braced by using
bridging: There arc two mgin types—solid bridg-
ing and cross bridging—as shown in figure 23.
3-52. Solid bridging is placed between the .
joists near the ends over supporting walls,' parti-
tions, or girders-and serves to tie the joists to-
gether, preventing them from tipping or leaning.
This bridging is usually made of joist material to
fit between regular joists. For easier installation
and better nailing, “the solid bridging should be
installed at the same time the joists arc nailed in
place. This type of bridging also serves as a fire
stop. By obstructing circulation of air through
the walls and in the area between the ceilings
and floors of structures of more than one story.
such bridging can delay the movement of hot
gases and flames. ¢
- ‘ " 3-53. Cross bridging is placed in the middle
Figure 23. Solid and cross bridging. portion of the joist span and acts as a brace or
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strut to distribute a eoncentrated load to several

" joists. This type of bridging is usually madeyof

1” x 4” material cut to fit didgonally between
two joists. They arc arranged in rows running
at right angles to the joists. When determining the
dimensions for cross bridging, measure the dis-
tance from the top of one joist to the bottom of
the next joist. The required angle can be taken
or copied with a T-bevel or combination square.
You will lay out the length and angle on the edge
of the material fo be used for bridging. The,
bridging may be cut with an ordinary handsaw
but more accurately with a mitre saw ‘set. If

. 3-55. Headers. The headers are placed at right
angles to the regular joists, as shown in figure 24.
They support the ends of the tail joists (tail
becams), which result from cutting the regular
joists to form an opening. "

3-56. A header, in most cases, will not be

made of material of greater width than the regu-
lar joists. The width required will vary, however,

- with the length of the header or with the length

of the tail joists supported. An increase in either
of -these lengths will increase the load ptopor-
tionately. It is a common practice to double all
joist headers, regardless of their length. However,

available, a powersaw (cither hand or table) sct _ you should determine the size by considering the

10 the proper angle will save time.

3-54. Floor and Ceiling Openings. The regu-
larity of joist spacing is often interrupted by open-
ings required for stairways, chimneys, air ducts,
and plumbing. You must place additional joists
at these openings to assure that the proper
strength of the floor or ceiling frame is main-
tained. These auxiliary joists are headers and

doads which must be ¢arried. Many times, dou-
bling the header may be unnecessary. On the
other hand, there are situations where a doubled
header will not be strong enough.

3-57. The length of a header is detérinined by
the distance between the joists (trimmers) to
which they are attached for support. Fastening
of - headers to joists may be done with ledger

trimmers. . w boards or metal hangers, similar to the way in
) BUILT-UP
GIRDER
- py p- r [. -y . F 'a r - - . r‘\
_ . i i y — M . .. ] .
ps -~ - - - J - ) - J - J
REGULAR . REGULAR
JOIST B =L ‘ - JoIsT j
: / \ BRIDGING
. / \ SHOULD GO
/ DOUBLE HERE
HEADERS
) HEADERS
TAIL JOISTS /
TRIMMER
TRIMMER
JOIST A M JOIST

-

Figure 24. Joist and header (rimmers.
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which a regular joist is fastened to a girder, if
effective nailing cannot be accomplished. Nailing
is usually done by driving 16dgnails through the
joists into the ends of the headers.

3-58. Trimmer joists (trimmers). The floor
framing members which form the sides of an
opening that are parallel to the joists are called
trimmers. The trimmers support the ends of the
headers and carry the weight (load) of the head-
crs and tail joists. Single trimmers are nailed to
the sills like joists. Trimmers doubling with a reg-
ular joist-are spiked-to the regular joist and the
sill. ’

3-59. When the side of an opening is formed
by a regular joist, as A on figure 24, the joist
is known as a trimmer. The auxiliary joist B be-
comes the regular joist in this case.

3-60. If air ducts or pipes are to be installed
in partition walls, you will locate the joist to the
side rather than directly beneath the wall. Usu-
ally joists will be required on both sides of the
wall to support the additional weight.

3-61. Chimneys. The tsimmers and headers for
chimneys should be locatéd 2 inches from each
surface of the chimney to\prevent the heat of
the chimney from causing a\fire. The space be-
tween the wood and” the dhimney should be

PIECE LETIN
TO TAKE UP STRAIN

=

JOIST CUT AWAY TO ALLOW
INSTAULATION OF PIPE :

Figure 25. Reinforcing notched joist. -

filled with some noncombustible insulating mate-
rial.

3-62. Holes for pipes. If a large pipe, such as &
5-inch drainpipe, must pass through several joists,
it is advisable to frame in headers and trimmers.
Where smaller pipes must run through joists, they
should alway$ be cut-in from the top edge. If a
hole or notch of any considerable size is cut in a .
joist, the joist should be' doubled or a block
should be set in as illustrated in figure 25. Smaller
holes drilled near the center of a joist will not de-
crease the strength to any great extent, because
the upper and lower fibers have not been cut.
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‘Exterior Framing

k]

LTHOUGH SOMEONE has said, “Appear-
ance is only skin deep,” we must all agree
that many of our likes and dislikes are based
upon the looks of the person' or object being
considered. You have probably on many occa-

sions selected an item from several which oper--

ated in the same way and performed to the same
specifications, simply because you preferred the

exterior appearance of the item. We often dis-’

play our preferences in appearance through the
style, model, or type of clothes we wear; car we
drive; or house we live in. Because it is on the
outside, the exterior framing and finishing of a
building forms its looks. The methods and mate-
rials used in construction of exterior framing will
reflect the likes and skill of the designers and
builders. There are several methods of framing
and finishing which may be used, and many kinds
of materials are available.*In most cases, the cost
of construction and strength requirements for

use of the building will' be important factors in’

determining the materials and methods which you
will use. Regardless of the kind of materials to be
used or who has designed the building and deter-
mined the construction methods, you should try
to do each task in a craftsmanlike manner. With
cach board which you cut and each nail that you
drive, you will be leaving your mark on the ex-
ternal appearance of the building. To become a
skilled craftsman, you must understand the ma-
terials, methods, and procedures to be used.

2, Let’s make a quick mental examination of

*.the exterior of an ordinary house (maybe your

own home) to see what parts make up its exter-
nal frame. Some of the parts will not be visible,
for their purpose is to hold or support other
parts. These hidden parts are framing members.
It is the framing members which form.the gen-
eral shape of the house and give it strength. Our
first glance will probably reveal to us the walls

 and roof of the house. We will discuss the details

of wall construction in this chapter, whereas roof
framing and materials will be explained in Chap-
ter 3. .

CHAPTER 2 /S/l

- . . «“

3. Our second, or closer, fook at the house in ‘
our mind will possibly detect a particular cover- |
ing, or extérior finish, on the walls of the house.
The exterior finish of a building is intended to
serve three purposes: (1) to protect the frame- -
work of the building, (2) to seal all cracks and \
crevices to prevent infiltration and escape of air, \
and (3) to decorate the framework and make it \
as pleasing as possible in appearance. All of these
are important, and none should be neglected when
you are constructing a building.

4. Undoubtedly you have also noti¢ed certain ,‘
openings in the walls. Doors for access and win- ‘
dows for ventilation and light are common in
most buildings. Because they must be opened and
closed, the weight and strength of doors and
windows are less than those of the wall in which |
they are set. Constant wear and tear through use /

will make doors and wmdows the subject of fre-
quent maintenance.

5. You may have observed a porch protrudmg . /
from the door on your house. This porch sérves j

as an external entranceway to the house. Porches
may consist of a simple set of steps, a platform, /
a floor and roof, or a partially inclosed combina-
tion of floor and roof. /

6. Because of the importance of external fram- /
ing in the appearance of the.building, for pro- /
tection from deterioration, and for comfort, you / ..
should study this chapter with unusual care. If
the instructions given are learned well, external e
framing work will be greatly simplified for you. /

4. Wall Framing '

4-1. We discussed the importance of a good
solid foundation in Chapter 1, but a building
must also have a well-built superstructure—all
that part above the basement or foundation. In
this section we will discuss the members and com-
mon methods used for constructing external wall
frames.

4-2. The foundation walls of a building form
the bearing walls for the upper structure and an

17
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inclosure for the basement. Qutside walls rest
directly on the foundation walls with sills acting
as anchors for them and forming the~ bearing
walls for the roof. The upper story- walis and in-
closures for the entire inner construction are also
carried by the bearing walls.

4-3. Like the floor frame, thc wall frame is
made of. several kinds of members. Although the
wall stands vertically from the fioor to the roof,
the members of the frame may also lie horizan-
tally or on an angle. Each of,these nicmbers
scrves~a. particular purposc and must be cut and
placed properly for the wall to be structurally
sound. Just as therc arc several ways to do many
tasks, wall frames may also be assembled by sev-
eral methods..-We will discuss the methods which
are most commonly used. First, -let’s become
thoroughly acquainted with the individual mem-
bers of the wall frame; then we will cxplain the
framing methods which you may usc. _

4-4. Framing Members, As in any framework,
there must bec members which form the bottom,
top, and sides. However, the members which are
most numerous are those which fill in and con-
nect the sides, and the bottom to the top. In the
wall frame, probably the most important member
and certainly the onc that you will use most fre-

quently is the stud,

45, Wall studs. Studs are the closcly spaccd
vertical members of partitions and outside walls,
Their purpose is to support the weight of the
upper floors and provide a framework for exterior
and interior finishes.

4-6. So general is the use of 2- x 4-inch mate-
rial for studs in partitions and wall framing that
litle thought is ordinarily given to its strength
requirements. Each individual stud in a weight
bearing partition or wall acts as a column or post.
Itis well to remember that if the height of a col-
umn is more than fifty times its least unbraced di-
mension, it is unsafe. To keep within this ratio, an

GAGE BLOCK NAILED
ON END OF STUD

Figure 26. Paitern for marking swud lengths.
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ordinary 2 x 4 stancii;%}nbraccd should not be
more than about 6, in height, which is ap-
proximately fifty times the smaller dimension of
1% inches. The stud is braced along its wecakest
dimension by sheathing and siding on the outside
and sheetrock or lumber on the inside. Therefore,
for the studs of a partigion. or wall, the 3%-
-inch dimension is the con lling .one in determin-
ing the bearing strength.-YFor this reason. it is
possible to use 2 x 4’s af long as 15 feet with
reasonable safety. For Buildings over three or
four stories in height, the lower stories may need
additional strength. After the length of the studs
has ,been determined, dsing a 6- or 8-foot ruler,
measure the length of a stud and cut it with a
handsaw. Using this jtud, a pattern may be pre-
pared, as shown in [figure 26, for marking the
other studs uniformly. The marked studs may
then be cut rapidly with a portable power hand-
saw. )

4-7. The spacing pf studs js the same as spac-
ing of floor or ceilid joists. Usually this spacing
is 16 or 24 inches.. The spacing is important, be-
causc it allows lapping of common sizes of wall
¢overing materials on/the studs. The stud spacing
is faid out on the plgtes. You may place and nail
studs in several way,é A%common method in mod-
ern construction, w créflhe‘ bottom plate rests
on the subfloor,” {s{16 {assemble the studs and
plates on the subfloor. Mark the stud spacing on
the bottom (sole) plate, and-place it on edge near
the edge of the flgor where it will be jocated.
The studs may th¢n be laid on edge with the
bottom end again\t the marked soleplate. The
top plate, marked with stud spacing like the bot-
tom plate, is placed at the other end of the studs.
In this position, you can ecasily nail the plates
to the studs with two /16d nails at the end of
cach stud. After the frame is assembled, it can
be raised into a verticaf position as a unit. Where
the soleplate is already in place, the bottom of
studs must be toe-nailed in place. Twice as many
nails arc required When toe-nailing to assure
cqual strength. The fops of the studs, in this in-
stance, are attached;by nailing down through the
top plate. When styds rest on a T- or L-sill, they .
are attachéd with /two or threc 16d nails driven
through the headér into the bottom edge of the
stud. 7

4-8. Plates. A top plate is a horizontal member
of a partitionpr frame wall. It serves as a cap 1or
the studs and'a support for the joists, rafters, and
studs. Figure 27 shows double top plates that are
lapped_for greater strength. Top plates tie the

S

studdirfg together at the top and insure stud aline-
ment;” provide -support for structural members
above the plates, and also provide a base for the

roof rafters which tic the roof and walls together.

23

-




| e /5%

Tor sLATES should be the best available, carefully selected

and firmly nailed. You should remember that
doubled: 2. x 4"s arc not the same thickness as a -
‘4 x4 Two 2 x 4's (1" +-1%” = 3",
h assembled with a strip of %” plywood between
3 the boards,” will have the same 3%” dimension R
biaal = ' sTuoe as a 4 x 4. No matter how massive the corner
’ © post, it will require bracing to stand rigid against
1 1 horizontal forces. Actually, the corner post is just ,
; a larger stud, located at the intersection of two _
f walls. It is placed and nailed like a stud. Before
] permancntly bracing the corner post, you must
' be sure that it is standing vertically and square. ‘
Vertical alinement may be made using several dif-
ferent tools and methods. A framing square, with
Figure 27. Double lo;) platc. : the tongue lying on the soleplate and the blade
- against the side of the corner post, will aline the &0
To do all they are supposed to, top plates should  corner to 90° with the horizontal plate. Remem-
wu D¢ doubled at the top of walls and partitions and  ber, you must check in both directions from the
should have their joints staggered. corner. By centering the end bubble of a common
4-9. Where the wall studs do not rest on a sill,  level held, against the side of a corner post, you
. girder, or.beam, a soleplate should be used (with  will bring it fo a vertical position. Where the
dimensions not less than the studs). The layout  wind is not blowing, a plumb bob may be u'sed.
of studs on the soleplate s illustrated on the right = Hang the plumb bob from the top plate so that
side of figure 28, whereas the left side shows the the point is just above the soleplate. When the ‘ 0
studs installed on the soleplate. Notice the regu- corner is vertically alined, the point where the
larity of the spacing interval except where parti- string is attached and the plumb bob point will
tions or walls are intersected. Corner posts, or  be an equal distance from the corner post. A |
studs, must be installed at these points. more accurate method is to use the “three, four,
4-10. Corner posts. There are several designs  five” rule you learned in squaring building cor-
for comer posts. They may be either solid or - ners in Chapter 1. Using this method, you should -
built-up. In present-day construction, most corner ~ measure and mark two points—on the.corner post, .
posts are of the built-in type, as illustrated in 3 feet from the bottom, and on the soleplate, 4
figure 29. There are other types, but the one you feet from the corner post. When the corner post
will use will depend upon the requirements for a « is vertical, the distance between these points .
nailing surface for the exterior and interior wall  should be 5 feet. For more accuracy, these dis-
coverings. Built-up corners have an advantage of  tances can be doubled (“six, eight, ten”).
allowing air circulation, whereas the solid type 4-11. Bracing. Diagonal wall braces are per-
is more liable to deteriorate from decay. Regard-"  manent parts of a building which serve to stiffen
less of the way corners are built-up, the material  the walls, keep thé corners square and plumb,
f » ! i ?
-a [
4 TWO-8YV-FOUR SOLE PLATE ’
e
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Figure 28. Layout of studs on soleplate.
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Figure 29, Types of corner post constructiqn.

~

and prevent the frame from being distorted. Brac-
ing is used at each comer of“'a building ind
should extend from the soleplate to the top of
the corner post. The angle formed by the bracing

?and the plate should be from 40§, to-60°. The
common types of bracing which you will use are
let-in, set-in, and block bracing.

4-12. Let-in.bracing is usually-done with 1- x
ﬁ:inch material. In the process of construction,
the 1 X 4 is seated into cutouts in the sides of
the studs and the corner post. The brace extends

in a continuous piece from the soleplate to the .

*top of the corner post, as shown -in figure 30.
4-13. Short lengths of 2 x 4’s nailed between
the -studs, as shown in figure 31, at an angle
from the top of‘the corner to the scleplate form
a set-in biace. This type of bracing does not
have the strength of let-in bracing and also has
 the disadvantage of hindering the installation of
wiring' and plumbing. The -use of set-in bracing
. Is economical because short pieces of stud mate-
" rial, which might otherwise. be considered waste,
can™be uscd. ‘

7 the 2 x 4's are

4-14. Block bracing (block bridging) is similar
to set-in bracing except that the 2 x 4’s are in-
stalled horizontally, usually°at a height of 48
inches from the floor. This type of bracing helps
to keep the studs straight, provides a nailing sur-
face for the edge of horizontal wall panels, and

——-acts-as-a fire-stop.-This type of bridging is used

extensively in modern construction. It does tend
to block the wall, like set-in bracing, and you will
have to cut into it to install or rcplace\@e or
wires. .

4-15. Headers and trusses. Where, windows,
doors, or other openings occur in outside walls,
a portion of the regular studs niust be cut out.
Headers are installed to support the lower ends
of thesc cut studs. In a likg manner, there is a
similar member which is called the rough siil at
the bottom of openings, such as windows, which
do not cxtend to the floor. .

4-16. There are two classes of .headers: non-

-bearing and load-bearing. Nonbearing headers

arc those positioned in walls that are parallel with
the ceiling joists and which carry the weight of
the framing immediately above. Load-bearing
headers are those positioned in walls which carry

" the ends of floor joists and support the weight of

the floor above.” .

4-17. Unless the opening in a nonbearing par-
tition is more than 3 feet wide, a single 2 x 4
header, as shown in A of figure 32, is satisfac-
tory. ' ’ e

4-18. On loafi-bearing partitions or walls, the /
header should be doubled, especially if a short -
stud is placed 1¥r the center of the header. If

placed side by side, the nailing is
not as important, since each piece offers resis-
tarice to bending. It must be noted, however, that
when the two 2.x 4's are laid on edge (side by
side), the two together will measure 3% inches
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Figure 34. Set-in bracing.

instead of 3%% inches, and it will.be nccessary for
you to insert small strips of 34-inch plywood be-
tween the 2 x 4°s to make the header flush with
the studs. A double header installation is illus-
trated in B of figure 32.

4-19. Where the opening is wide or where
cxtra strength is required, a truss type of header
may be installed. A truss over an opcning in
frame construction is a triangular arrangemecnt
of 2 x 4’s forming a rigid framework to support
the weight above. The stresses placed on such a
truss are compression and tension. A variety of
truss arrangements may be used. Figure 32,C, il-
lustrates a simple truss.

4-20. There are other members which you
will use for special purposes in framing external
-walls. However, those members which we have
discussed are the major ones. Use of special
purpose framing members will be presented when
their application is discussed with framing meth-
ods. - @

4-21. Framing Methods. Now that we have
complcted our discussions of the individual mem-
bers which you will use in building framc walls,
. Ie¥'s go further and discuss the methods by which

the members are assembled into thc superstruc-
turc of wood, frame buildings. You have noted in
your trade that all buildings are not constructed
in a like manner. They are similar in appearance,
but when you cut a hole in the wall for a pipe,
duct, etc. you find framing members where you
thought none existed. You need to determine the

framing methods used on your base for onc- and -

two-story buildings. After you studythe following
text, you will be able to compare the figures with
the drawings for buildings on your base and dc-
termine in advance where framing members are
located.

4-22. The four distinctive types of framing

-
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DOUBLE HEADER
3/8" PLYWOOD

DOUBLE HEADER
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TRUSS ARRANGEMENT
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Figure 32. Types of headers.
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weakening the structure. Cbrner braces for this

frame are lig}lter than in the braced frame and

are let into the outside edges of the studa. .
4-25. The braced frame and balloon frame

are still in use on many of our posts; however,

- caess saivcine the platform frame is being used for most modern t
. ) buildings now under construction.
. aat cnr ) 4-26. Platform framing. Platform framing,
snte anace also known as western-type framing, is the frame

used in modern construction. It is distinguished
by floor platforms independently framed, as shown
in figure 35, the second and third floors being
ente snaces o€ supported by studs one story in height. Framing
fartd S of this type is fast, safe, and allows for extensive
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e il:; Yo camner use of short materials, Interior partitions and ex-
: g7 5t terior walls are framed with material of the same ,
HAGONEL BRACING h na0ARY watL length, thereby {nsuring proper balance in case

any shrinkage occurs. *Because each floor is
framed separately, the subfloor is laid “story by
. Pigure 33. Braced framing. _ story” before the wall and partition studs are
‘ raisgd. The studs are fastened to a soleplate that
that you should know are: braced framing, bal- in turn is fastened 'through the subfloor to the
loon framing, platform framing, and theater of  foor joists, It is very difficult to install service

operations framing.- ° pipe or wiring in these walls after they have heen
4-23, Braced framing. Braced framing is the covered. .
. oldest type of framing in this country. Though 4-27. Theater of operations framing. The the- )
‘ it is a considerably modified form today, it is ater of operations (TO) framing, shown in fig- ~
still used in the New England States,.Some for- ure 36, has simple construction features that -
eign bases have buildings that follow the heavy make it easy to assemble in a minimum amount
frame principle that distinguishes this frame from ¢ time, Most of this frame can be made of scrap
all others. The braced frame, shown in figure  aterigls salvaged from crates or other sources.
33, has the heavy timber. corner posts which ex-  Notp the use of a spliced single top plate on the
tend from the sill plate to ay equally heavy top right-hand side of the figure; also, that the plates -
Plate at the roof line. Heavy timber girts extend 44 jot lap at the corners. This is not the recom-
‘between the corner posts to support the second. . __mended-practice for good construction, but you
floor. Braces are placed from each floor level to ;i And many frames such as this being used in
the corner posts and plate above. In areas where storage yards in overseas areas. A variation of
windows or doors are located near the corner,
knee braces are substituted in place of the longer "t s
braces. This frame has been modified with mrren
lighter materials, and much of the handwork in ‘ e cais
making joints has been eliminated. The girts 1ae e //@
used now are too light to act as beams, and the SN
wall studs have become an integral part of the AL N
structure, supporting the floor and roof in about syo ‘ /‘ J l/l,' ' .
the same manner as they do in other strugtures. supnoonwe . HE J, gi,.; N \., L ca0ss ancemns
N ; 4-24. Balloon framing. The principal charac- L V"g‘ !i' g PNS
teristic of the balloon frame shown in figure 34 s AINNNG 3' oearr srossmc
is the use of studs extending from the sill plate ) A -
to the top plate. Also, the joist ends are sup- LT acme JDA ]
ported by ledger (or ribband) boards and are coanga 2o3?
nailed to the studs. The ribband board is let into sk
(seated in) the stud to form = rigid support for
the joist. The balloon frame offers the advan- - .
tages of speed and economy of construction as Sntatuine wASONRY wart _/;

compéred to the braced frame. The continuous

studs facilitate easy instsllgtion of service pipe, .
conduit, etc., without cutting through plates and Figure 34. Balloon framing. ‘,
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Figure 35. Platform framing. -

i 4
. this frame makes use of a concrete slab_ floor
and regular 2 x 4 studs and plates. This framc
has rafters spaced to rest on top of the studs.
The entire frame is usually designed to support
a staridard military tent.

4-28. At this point in construction, you should
have a good understanding about building the
“skeleton” for the floor and outside walls. Next,
we will study together the base covering of this
frame. In the casc of the floor, the base covering
is called'subflooring, whereas sheathing is the first
covering It’og the exterior walls.

5. Subflooring and Wall Sheathing

5-1. The importance of and need for firm
support has been emphasized in the building of
foundations, floor frames, and wall frames. In
the same manner, the finish materials for walls
and floors depend upon the sheathing and sub-
flooring as a supporting base for firm and securc
attachment.

5-2. Subflooring. A subfloor is a wood floor
usually of dressed I-inch lumber laid over the
floor joists and over which the finished floor is
laid. A subfloor may be referred to as under-
floor, rough floor, or base floor. The purposes
served by a subfloor are sixfold:

(1) To help increase the ﬁrcngth of the floor
by alining the top edges of the joists and to make
possible the laying of a finish floor.

(2) When laid diagonally, to stiffen the build-
ing, especially when used on second and third

" floors. 3

(3) To serve as a working platform durin

construction operations. :

-

(4) To help deaden sound.

(5) To help prévent dust from rising from
. the basement to the first floor. .

(6) To aid in insulating a room.

5-3. Types and 3izes. The material used for the
subfloor may be 1-inch boards, 4 to 12 inches
wide, and usually graded as No. 3 common. The
boards may have square edges or miy be milled
to form shiplap or dressed and matched joints.
Plywood, %% inch or thicker, may also be used.
Special plywood flooring panels. with milled
tonguc-and-groove edges are now in use, but
they arc thicker (1% inchi) than most subfloors
and arc not suitable for repairs on existing
floors_unless the entice floor is to be replaced.

5-4. Boards used for subflooring are available
in standard lengths of 8 through 16 fcet. When
ydu are laying subflooring at right angles to floor
joists set on 16-inch spacing, considerable lumber
can be saved by using lengths of multiples of 4
feet. The common size for plywood panels is 4 x
8 feet, although other lengths in even feet are
sometimes  available for peculiar requirements.
Plywood is extra rigid, is fast to lay, and has a
smooth surface.

5-5. Laying. subflooring. The laying of sub-
flooring, except end-matched boards, will cause
considerable cutting, because every joint must be
cut to lay on a joist. Two or more diagonal cuts
must be made on every board. This cutting takes

up time and wastes material. The boards may be ’

laid squarely or diagonally across the joist. If they
arc laid squarely across the joist, the finished
floor can only be laid at a right angle to the sub-
floor and parallel with the joists. The boards
therefore are usually laid diagonally as shown in
figure 37, making it possible to run the finished
floor in opposite directions in different rooms if
desired.

5-6. All subflooring material should be fitted
tightly together and nailed with eightpenny nails.
Two najls should be used at every bearing point
with 4- or 6-inch boards, three nails to every

§ 8-inch board, and four nails to every 10- or 12-
inch board. Tongue-and-groove boards are usu-
ally toenailed on the tongue edge to draw them
up tightly, with the remainder of the nails driven
in the face, as shown in_ figure 38. When nailing
plywood sheets, you should space the nails ap-
proximately 6 inches apart. Cement-coated nails
are often recommended for subflooring because
of their greater holding power. They are smaller

“in diameter than common wire nails of the
same, size; therefore, they are less likely to cause
splitting. ’

5-7. When a ceramic tile, terrazzo, or mosaic
finish floor is to be installed, the top edge of
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Figure 36. Theater of operations framing.

the joist should be tapered to help prevent
cracks in the finished floor. A ledger board
(usually 1- x 2-inch material) should be nailed
on each side of each joist for supporting the
subfloor, as shown in figure 39. The subfloor-
ing is cut in short lengths and laid square be-
tween the joists.

5-8. Wall Sheathing. Some types of wall finish
are nailed to the sheathing, rather than the
studs, and depend upon this sub or base siding
for firm attachment. The sheathing also seryes
to prevent the movement of air through the wall
of buildings and, in this way, insulates, deadens
external sounds, and prevents entrance of dirt
into the building.

5-9. Types and sizes. The material you will
use for sheathing may be of any of the 1-inch
boards of the types used for subflooring. Ply-
wood is oftén used because it is strong and is
easily and quickly installed. On well-braced
frames, you will often use ﬁberbénrd’; gypsum

5-10. Installing sheathing. Sheathing may be
installéd horizontally or diagonally. Diagonal
sheathing acts as bracing and is used extensively
in areas where high winds are anticipated. Ply-
wood and other materials, which are ordinarily
furnished in 4- x 8-foot panels, may be installed
cither horizontally or vertically. Be sure that you
nail the materials adequately with eightpenny
ndils. The principles and methods discussed con-

_cerning cutting and nailing of subflooring also ap-

board, and other specially prepared insulating-,

type pancls.
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ply to wail sheathing. The sheating will extend
over the entire wall frame, from the foundation
to the roof and from corner post to corner post,
except where openings have been prepared for
doors, windows, and other special openings.

5-11 "When the wall sheathing has been in-
stalled, the doors and windows may be set. If
door or window frames are not square and
plumb, the doots and windows will not close or
open prop?rly. Let’s now discuss doors and win-
dows and thé methods for installing and main-
taining thém. | ‘
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Figure 37. Diagonslly laid subflooring.
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6. Outside Doors and Windows

6-1. It is probable that you will spend more
time in installing and pérforming maintenance
on outside doors and windows than with any
other portion of buildings. Their outside loca-
tion causes them to deteriorate from the ef-
fects of the sun, rain, wind,-and hail. The wear
of day-after-day use and misuse also is reason
for continual maintesance. You must, therefore,
be thoroughly informed of the proper methods

for installing, adjusting, and repairing these im- .

portant building units.
. 62 It doors and windows are properly in-
stalled, a considerablé amount of maintenance

. can be prevented. Also, in addition to the satis-

faction given the users of a building, good door
and window installations will reduce the costs of
heating and cooling.

6-3. Construction’ of the opening in the wall,
or preparing the “rough” frame, is the first step

in door or window installation, Accurate mes-

surement, cutting, and nailing of members
around the frame opening will make proper in-
stallation of the doors and windows much easier
and will also assure that they function properly.

6-4. Wall Frame Opeaings. You will remember
that in standard construction, wall studs are
spaced on 16-inch centers, Therefore, for any
opening of greater width than 16 inches, at
least one stud will have to be cut. The remain-
ing portions of these cutout studs are called crip-
ple studs. Members, made of stud material,
which form' the sides of the openings are the

FACENAILING

TOENAILING

Figure 38. Nailing tongue and groove boards.
' !
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trimmers. Where the sidc of an opening occurs
at a regular stud, this stud may be referred to
as a trimmer stud. You will install a hecader at -
the top of thc opening to support the cripple
studs. In the casc of window openings. a sub
oill is located at the bottom. Several openings for
windows illustrating different framing methods
which may be used are shown in figure 40.

6-5. Single hcaders, trimmers, and sub sills.
as shown in A of figurc 40, may be used where
simple single sash windows are used and
strength requirements are low. However, thesc C RATOoUBEMEADER  * ookANCAL e suate
opening framing members are usually doubled. - 3
as jllustrated in B of figure 40, for installation n Al ﬂ ) ﬂ ] \
of the more common types of windows. - H = It

6-6. Headers are usually made of stud ma-
terial and may be installed flat or vertically, as
in C of figure 40. Vertically installed headers © #ﬂ
arc stronger but must be spaced with Ya-inch =
material. Where the opening is wide, as in D rl
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of figure 40, or the load supposted is great.
you may install vertical hecaders of 2 x 6, 2 x 8,
or heavier materials. ¢ - & S Y
3 A . FLAT AND YERTICAL HEADERS

6-7. You will prepare door openings in the .
same manner as window openings except that DOUBLE THMMERS
the sub sill, if required, will be at floor level. = : B
Where a heavy-door is to be installed, the trim- | / " . l 114 00 zn
mers may be tripled on the hinge side, or con- v A - o s¢ ontoct i
structed with materials of greater width like / \
headers. ’ i

6-8. Although doubling of ‘ opening framing ®
members does strengthen the frame, anothir R .
important purpose is also served. These mem- : =
bers form good backing for nailing of door and
window trim. The trim boards are not only for
improving the appearance of the building but ‘ _
also for attaching members of thesdoor or win- — : a _
dow frames. WIOE OPENING

6-9. After the frame openings have been pre-
pared with their members plumb or level, the Figure 40. Wall frame openings for windows.
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» door or window frames may be installed. (‘v’c

will first discuss installation of doors and the
procedures for maintaining them.

6-10. Doors. There are many kinds of doors
in use. They may be classified, according to the
way they open and close, as swinging or sliding
doors. Doors are also classified by their con-
struction features as batten, solid, panel, or flush
types. There are many variations of each type
beca of the size, strength and ornamental
requirements where they are used.

6-11. Batten doors -are built of sheathing-
type boards which are held together with battens
fastened across them as shown in figure 41. You
will probably make this type of door on the job.

* The sheathing boards may be placed either ver-

tically or horizontally. The battens are placed at
right angles to the sheathing boards and, in ad-
dition, diagonal braces are used to prevent the
door from sagging. These doors are used where
the openings are odd-sized on- sheds or other
buildings if appearance is not of major impor-
tance.

6-12. Solid doors are made similar to batten
doors except that they are fastened and braced
internally. They are usually made from mate-
rials of the approximate thickness of 2-in¢h fin-
ished boards. The boards are held together with
glué and by fastening with dowel pins, splines,
or tongue and grooving, as illustrated in figurc
42. You may cut these doors in various ways to
fit odd-shaped openings. These doors are strong
and durable but are quite heavy. Also, they are
subject to warping unless they are well made,
because there are no bracing members span-
ning the width of the door.

6-13. Panel doors are probably the most
commonly used. They are made up of stiles
(vertical members), rails (cross members), and
panels. The number and shape of the panels
vary considerably, as shown in figure 43. Any of

' the panels may be’ of either wood or glass.

6-14. Flush doors are perhaps the most de-
sirable for present-day construction. These doors
have either a solid core built up of soft wood or
a hollow core made up of grids as illustrated in
figure 44. The core awsually has stiles and rails
similar to those in a panel door. Plywood is
laid over the core to provide a smooth surface
on each side. The edges of these doors are
covered with the same type of wood as the side
surfaces. Advantages of this type of door are
that they may economically be made to resem-
ble more expensive and massive doors, yet are
relatively light in weight and easy to support
by the hinges.

6-15. Regardless of the type of door to be
used, it will usually be necessary for you to pre-

E]

pare or install a door frame within the “rough”
opening. Properly installing the door frame is
another step in making door fitting easier and
in reducing future maintenance.

6-16. Door frames. Although all door frames
include certain parts, the details of each part
can vary. The door frame is made up of two
side jambs, a head jamb, an outsid® casing,
and a sill, as shown in figuse 45, Thedrip cap
and inside casing are sometimes idcluded as
parts of the door frame. These parts will be
discussed with exterior and interior wall fin-
ishing (s€e Section 7 of this chapter and Chapter
4, respectively).

6-17. Door framesﬁay be purchased com-
mercially as units, or you may build them in
the local -carpentry shop.. Frames purchased
may be assembled and ready for installation, or
they may be in knocked down (K.D.) bundles
which you will put together on the job.

6-18. A construction detail which is pecu-
liar to external door frames is the way in which
the jamb is rabbeted. Figure 46 illustrates the
Ys-inch by thickness-of-the-door rabbet which
is provided to form a stop for the door to close
against. When you are ordering or making a
frame for an external door, the thickness of the
door must be considered as well as the height
and width of the door and the thickness of the
wall.

e
6-19. When the door frames are delivered,
they should be given a prime coaling of paint to

_keep out moisture and prevent warping. Before
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you set a door frame, square and brace it. The
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Figure 41. Batten door.
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Figure 42. Solid doors.

bracing is important, especially if the frame is to
be handled much before sctting. Before placing
a door frame in the rough opening, check the
various dimensions of the frame and compare
them with the dimensions of the rough opening,
Tack a strip of heavy building paper 10 to 12
inches wide against the sheathing around the
rough wall opening. Set the door frame in place
and adjust it by using wedge-shaped blocks at
each side and bottom, as shown in figure 47.
Adjust the frame at the bottom and at the ends -
so that spacing between the frame and thc
rough opening is the same on both sides. An 8d
finishing nail driven through the casing into the
wall at the bottom of each side will hold the
frame in-place. When you fasten the frame in
position, do not drive the nails completely into
the wood until you place all nails and make a
final check to determine if readjustment is nec-
essary. Check both sides of the frame by plac-
ing a level against the inside edge of ‘the casing.
This will show whether the frame is plumb. A
nail driven through the casing near the top on
each 'side will then hold the frame in position.

After fastening the frame at the top, make a
second check to insure that the sides are plumb
and the head jamb is level. When the sides are
plumb and the top is level, all the corners of the
frame should be square. Finally, securely fasten
the frame with 8d finishing nails placed 34 inch in
from the outer edge of the casing and spaced 16
inches apart. Set all nails below the surface of
the wood. N

6-20. Whercas materials used in the jambs
discussed above are for swinging doors, ordinary
finished board of width the same as the thick-
ncss of the wall is used for overhead and other
sliding doors. These doors are ordinarily closed
against the inside or outside casing and there-
fore do not require a stop on the jamb.

6-21. Now, with a good understanding of -
the.framing methods for external doors, you are
ready to learn how to hang or install the doors.

6-22. Swinging doors. Doors which swing to
open and close are used in two general areas.
First, on sheds or other storage buildings of a
temporary nature, batten-type doors are often’
installed, using strap or T-hinges. Although you
should build these doors accurately, the toler-
ances for fitting them to the frame are relatively
large. Larger fitting tolerances are  acceptablie,
because the passage of air around the door is
_not so objectionable in the areas where they are
used. However, you should not use this as an
excuse for poor workmanship. When you are
hanging these doors, select hinges of sufficient
strength and nail or bolt them to the door at the
location of the battens. Then locate and support
the door in the opening with the upper end of
the diagonal braces on the hinge side. With the
door properly positioned, securely fasten the
other side of the hinge to the door frame. These
doors are usually held closed by the use of some
type of hiriged hasp.

6-23. Second, swinging doors are the con-
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Figure 43. Panel doors.
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. Figure 44. Flush door. N

ventional type used in houses, offices, and othcr
structures where it is desirablc to control the
temperature, humidity, or cleanliness of the air.
Panel- and flush-type doors are most often used
_in these areas, but solid doors may occasionally

be installed. Usually mortised hinges are used
when hanging these doors, as they allow closer
fitting of thet door to the frame. Locks and
latches of various types may be used. Becausc
the installation procedure for these doors in cx-
ternal walls is the same as for insid¢ doors, we
will complcte our discussion in Chapter 4, wherc
interior finishing is explained.

6-24. Sliding doors. In many warehouscs,
supply points, and shop areas, space is not avail-

able for opening swinging doors or the weight’

of large doors cannot be successfully sup-
ported by hinges. thrc these conditions exist,
sliding doors' will frequently be selected for use.
Sliding doors actually open and close by rolling
rather than sliding, for they are supported by
and operate on channels and rollers. These
doors may be of two general types, according
to the direction of movement: horizontal and
vertical.

6-25. Horizontal sliding doors are usually of
batten or solid construction. You will install the
roller assembly to the top of the door and the
channel to the door frame with bolts or lag
screws. The location of the chamnels defermines
the approximate -clearance between the bottom
of the door and the floor. However, you can

make final vertical adjustments on the bolt of
the roller assembly. Guide channels or posts
must be installed at the bottom of the door, and
stops must be provided at the end of the roller
nels to establish the open and closed posi-
ns. These doors may be installed on either
the outside or the inside of the door frame. When
you make an external installation, a drip cap
should be mounted over the channel to prevent
moisture from entering the building at the top
of the door. A double sliding door installation
is shown in figure 48.

6-26. Vertical sliding doors are better known
as overhead doors, since they are in an “over-
head” position when they are open. You will
install overhead doors in areas where the condi-
tions arc similar to those discussed for horizon-
tal sliding doors. Where an overhead installation
is possible, a more weatherproof fitting can be
made than with a horizontal sliding door.

6-27. Overhead door hardware is available
in. so many varieties that we will not attempt to
discuss all of them here. Let’s look at representa-
tive examples of this hardware so that you can
learn to install, adjust, and maintain them.

DRIP CAP——M==

HEAD JAMB

OUTSIDE CASING
SIDE JAMB —»

\

*

SILL

Figure 45, Exterior door_frame.
w
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Figure 46. Rabbet in external door jamb.

6-28. Onc example of the spring balance sys-
tem used to control the weight of overhead
doors is shown in figure 49, ‘This system allows
the use of weather stripping along the bottom of
the door, and on the door and door stop along
the sides of the door. You will use this type of
hardwarc where solid or single scction doors
are to be installed. The balance springs, onc
on each side of the door, are intended to assist
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Figure 47, Adjus(inz' door frame.

in Jifting the door from the closed position and
to control the weight of the door as the door is
being closed. Tensions on the springs are ad-
justed with the mounting bolts and nuts located
at the lower cnd of the springs. Each spring
must carry its share of the load; or the top of
the door will bind on the door stop or against
the overhead channels. You can check the spring
adjustment by raising the, bottom of the door
about 3 feet and releasing it. If the springs hold
the door in position or Jift it higher, there is

sufficient tension on the springs. If the door

drops back to the closed position, you should
increase the tension on the springs by tightening
the nuts on the adjusting bolts. Check the ad-
justment again. If the door rises and strikes the

CHANNELS
ROLLERS

"\__ ADJUSTMENT

Figure 48. Sliding door channels and rollers.

stops-in the”channcls with too much force, you
have too much tension on the spring. The ex-
tended end of the overhead channels is approxi-’
mately 2 inches lower than the end attached to

" the door jamb, and, the door should stay in

the .open position because of its own weight.
Check the channcls to sec that they are clear of
obstructions and that all hangers are secure.

6-29. Another cxample of a spring balance
system for overhead doors is shown in .figure
50. This system is- used mostly on doors that
arc constructed in scctions and hinged together.
Each horizontal door scction has a roller on
each end to guide it in the side and overhcad
channels. This type of door does not swing out-
ward when it is raised, but follows the path of
the channcls. The balance system consists of
springs (mounted above cach alanncl), pullcys,
and cables. The cables arc fastened with pirs

-
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and links to the bottom section of the door.
Each cable runs through a pulley mounted at
the top of the jamb, through a- second pulley
_ attached to the cnd of the spring, and back to a

bracket above the door jamb. The cable is
fastened to the bracket with a looped system.
.as shown in figure 50, A, that prévents it from
slipping. Don't tie a knot in the cable at this
point, because this is where you adjust the ten-
sion on the spring.

6-30. The greatest tension is on the spring
when the door is in the closed position, so don’t
attempt to adjust the cable or spring with the
door closed. Raise the door to the open posi-
tion and block it in place with 2 x 6's placed
beneath the bottom of the door so that they
extend along each jamb.. This should take almost
all the tension off the spring, and you can' no-
tice the cable- and spring sag out of line. It
should be safe to loosen the cable in the bracket
and make the required adjustment. Don't ,re-
move the loops of cable from the bracket unless
you need to replace the cabie or pulleys. Keep
the cable through the holes and puil more cable
through to add tension to the spring. Make nec-
essary adjustments to the channels -after’ the
door is returned to the closed position.

6-31. ‘Good installation procedures will pre-
vent a large amount of door maintenance. How-
ever, even when installation has been correct,
doors will from time to time require adjust-
meats, tepair, replacement, and other types of
maintenance because of deterioration, wear, or
misuse.

6-32. Door maintenance. Maintenance of
doors and frames can be of many kinds. We
will discuss those malfunctions which you
will most likely be required to locate and
correct.

6-33. Replacing doors may seem to be a
never-ending requirement in the field” of mainte-
nance. Whenever a door is broken or decayed

-

beyond reasonable repair, a new one must be -

installed. The replacement process is similar to
the original installation. Removal of the old door
is a simple process of removing screws or bolts
and any hinges or locks which may be reusable.
The door must be examined for styj¢™and type
of material and measured for size so that the
same kind of door.(or suitable substitute) can
be built or ordered.

6-34. In some cases, doors may be repair-
able. Batten doors may require replacement of
boards. This can often be dane on the job loca-
tion. Repair of solid and flush doors, and panel

OVERHEAD

BALANCE

SPRING

ADJUST
TENSION

WEATHERSTRuy

Figure 49. Spring balancé overhead door installation.

6-35. You may restore a warped door to its
normal shape by removing it and laying it flat.
Weighting down may also be necessary. If it is
still warped after a reasonable length of time,
battens (strips) screwed to the door will help
réstore it to a true plane. Screw eyes, rods, and
turnbuckles will help straighten a door by grad-
ually pulling it into place.

6-36. Install a diagonal batten from the top
of the hinge side to the bottom of the lock Stile
to repair a sagging door permanently. Tempo-
rary repair is made by installing a diagonal wire
stay brace equipped with turnbuckles. X

6-37. Many outside doors have pancls of
glass. These glass panels are replaced, when
broken, in the same way that broken windows

* are repaired. This procedure will be discussed

door stiles, rails, and panels will be attempted’

only in shops where necessary woodworking
tools are available.

.}
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in detail in a later section of this chapter.

6-38. Also, there arc many adjustments
which may be made on the. hinges and locks

-
-~
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Figure 50. Spring and cable controls for overhead
doors.

50,B. Make the necessary adjustments with the
cable to correctly control the door.

6-41. A single new spnng can be added be-
side each of the old spiings if you don’t have
the hardware to make the Wouble set as illus-
trated in figure 50,B. A new spring will be
shorter than the used, expanded old spring. If
you attach them to the same bracket, the new
(shorter) spring will carry all the load, and the
old (longer) spring will just sag in place. You
can compensate for this by using an 18- to 24-
inch length of chain (heavy l-inch links) to ex-
tend the length of the new spring to equal the
length of the old one. Adjustments can be made
occasionally by taking up another link of chain

to make both old and new springs perform -

equal parts of the work.

6-42. If door frames become damaged or de-
cayed, rcplacement may be required. The jambs
are particularly subject to damage. The weight
of the door on the hinges often will split the
jamb where the hinges "are fastened. Also,
breakage of the jamb where locks and latches
are locatcd is likely. When you replace a jamb,
you must make measurements carefully to assure
that the door will fit the repaired frame. Re-
member that the jamb must be rabbeted to the
thickness of the door. Fitting of the frame can

be done by usmg blocks and shims behind the

frame.
6-43. In some cascs when you are are in-

.stalling doors, you can make a better seal at

of panel and flush door installations. These ad- )

justments will be explainéd when we discuss the
maintenance of interior doors in Chapter 4.

6-39. Work on spring-controlled - equipment,
such as”overhead doors, can° be done best when
at least two men are on the job. Working alone,
you could work yourself into some embarrassing,
if not fatal, situations when trying to adjust

. channels or spring tension.

" 6-40. Maintenance of overhcad doors will
usually consist of readjusting springs and mount-
ing bolts according to the procedires which you
have learned for installing these doors. How-
ever, there may be. times when overhead doors
are repaired by covering them on the outside
with exterior grade plywood. The single pair of
springs will not control this added” weight. True,
you can make adjustments that will compensate
for the weight for a short length of time, but
these adjustments are neither dependable nor
safe. The solution is to replace the single springs

‘with double springs arranged as shown in figure

32

the edges by installing weatherstripping. How-
ever, this material is more frequently used to
improve the weatherproof qualities of older
door installations. Wcathcrstnppmg of several
different types is available. Generally, you will
use one of the following materials: metal, felt,
or rubber (or rubberlike plastic). You will in-
stall metal weatherstripping on the side of the
rabbet of t oor jamb to form a seal with the
edge of the closed door. The felt and rubber
materials are soft or spongy and are fastened to
the door jamb$or casing so'that the face of the
door may close against' them to form an airtight
seal

" 6-44. Now that you havc a good understand-
ing of the procedures for installing doors and
arc prepared to perform maintenance on them,
we will consider the methods and problems of
installing and maintaining windows.

6-45. Windows. Windows should prevent the
movement of air around them when closed,
yet they should operate with ease when opened
for ventilation. If you do not install them care-
fully, they will be either too loose or too tight.
Study the following paragraphs and you will
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have little diffictilty in making good window in-
stallations and repairs.

6-46. Although windows may be of many
kinds, they are of two general types: double-
hung and casement sash. The double-hung sash
moves up and down, whereas the casement sash
is hinged at the side. Like doors, windows have
two main parts—the frame and the sash. The
window frame finishes the wall opening and
holds the sash, which contains the glass and
which may be moved for opening and closing.

6-47. Double-hung frames. The construction
of a double-hung window frame is illustrated in
figure 51. A jamb is % inch thick and has a
parting strip to separate the top from the bot-
tom sash. The outside casings are of the same
thickness and wigdth as door casings. These win-

<
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Figure ‘51. Double hung window frame.

dows, when, installed separately or in pairs or
triples, must have a space on either side of the

window to permit operation of the sash-balanc-

ing mechanism. Some type of sash-balancing
device is necessary on double-hung windows
because the upper sash will not normally stay
closed and the lower sash will not stay open.
The balancing device assists in holding the sash
open, closed, or in any other desired position.

6-48. Perhaps the oldest and most commonly
used balancing device is a pulley and weight
arrangement. With this device, a pulley is in-

stalled near the top of each side jamb, and a

cord .is run over the pulley. One end of the
cord is fastened to metal sash weights, and the
other end is fastened in a groove on the edge
of the sash, as shown in figure 52.

4
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Figure 52. Pulley and sash wei'ght arrangemént,

6-49. There are several spring and friction
types of balancing devices in use. One of these
types which you will very likely install or repair
is the spring afid tube holding device. This de-
vice uses a spiral spring in a tube, as illustrated
in figure 53. The edge of the sash is grooved
to fit over the tube. The spring is fastened to the
top of the tube and to the top of the sash. The
tension on the spring holds the sash in any de-
sired position.

6-50. Spring-loaded pins, as shown in figure
54, are another common type of holding device.
Although less expensive than other holding de-
vices, they are less desirable’because the sash
can be placed only in certain fixed positions.

6-51. Casement sash frames. The construc-
tion and thickness of materials of the casement

i
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Figure 53. Spring and tube holding device.
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_ window is shown in flgurc 55,

. nceessary.
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Figure 53. Spring loaded pin-type ;}\olding\ device

sash fram arc sintilar to thosé “of the: _outside

‘door frame. The ‘sash is hung on hififes and

may swing cithet. inward :or outward. Becausy
of the rcqunrcmcnt for C|OSc fi mng of the sush

6-52. Cascment sash wmdows are more~tc
nomical to install than double-hgAg windows
and arc. therefore used in magy temporary
buildings. Where opening of the wipdow is not
the -sash may be held in-placc by
molding rather than Hinges. In mgny. Ipmnons.
however, casement sash windows' arc undesiz-
able because they arc difficult to keep weatfer-
tight. Additional problemis “gre  cncoisntercd
when you arc installing window screcnsy it the

leyel. Now the entire frame should be chéched
“with a carpenter’s level to “make suregthat all”
" sudes of-the window are plumb and tha®™he sill

"'is straight and lexel. When checks reveal that e

g

sash~swmgs out, the screen must\be located on -

the inside of the window. Whetherkthe sash be.
double hung.or hinged, the same gencral pro-
cedures arc uséd for installing thé frame.

6-53. Window installation. Similar " methods
are used in setting window and door frames. As
with door frames, when the normally preas-
scmblcd window frames arrive at the sitc, you
should be surc they arc given a prime coat ot

. paint. When the frame is rcady o sct. the-di-

mengions of the window frame should corre-
spond, to the” dimensions of the rough opening.
A spaxe of at least 2% inches must be left on
each side of the frame betweeri“the jamb and
the stud of the rough pfitning Yo allow for frame
adjpstment and f xﬁo.vcmcnt of the sash

" the other end of the brace tacked to a-block o

: cdge’of the casings. .

“Will spend morg: 1
on-wir}dows than! in instailing them. Your un- )
* derstanding~of windows and the procedures for .

so it requires only a Ya-inch space. A strip of
heavy building paper 10 to 12 mchcs wide
should be placed aropnd the rough wall open-
ing. The frame is sct in the rough opcnmg -and
held in place by tacking onc end of a temporary

brace to the side of the jamb ncar the-top wi‘th/"" a

wood nailed to the floor. Wedge-shaped blog

arc placed under the sillto adjust the frame.to

the cormel hecight. Remember, there should: be r
a spacing of 2V4 inches betweernr the jamb 4nd'.

the rough opening for double<hung frames. The
leveling of the sijl is accontplished. by placing -
blocks at poinz:/ncar the outside jambs. The
frame is held in/ position by nails placed near
tlic bottom.vn cach side. Both side jamibs should
b¢, cheched for plumbness with a carpenter’s

frame js plumb; it -is nailed sccurely in place
audmsr. the wall with 8d finishing nails spaced
16 inches apart and ¥ inch from the outsu!-

6- 54. If your as gnmcnt as'a carpenter is a
-r}évmalg'qr averagef onc, it i - probable that you - -
¢ in performing majntenance

installing them wil{, howcver. prove valuable to .
you in performing repair and, replacement.
" 6-55. Window maimenw{ce. “Windows have
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Figure $3, Casement sash window. frame.
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many of the same maintenance requirements as
doors. Cascment windows arc hinged and are
fastened in the closed position with a barrel bolt.
hook and 3’yc, ctc. The jamb, casing, header.
and drip cap will have the same defects as those
found on doors. The double-hung window may
prove to have somc different problems.

6-56. The double-hung window has a top
and a bottom sash that slide up and down be-
tween the stops in the jamb. It may be neces-
sary at times to loosen the sash from the stops
by inscrting the blade of a putty knife between
them. A hammer and block may be used
(gently) to loosen the paint if therc is insufficient
room o insert the putty knifc. When the sash
is an old one, cxtra carc must be taken to pre-
vent breaking the glass.

6-57. Onc of the main differences in window
construction and that of doors is the use of the
sill, stool, andsapron. When replacement of the
sill is rcquired, the window is removed as a scc-
tion. Removal of thc apron, stool, and inside
casing is nccessary to allow the window unit to
be removed from the outside. Loosening the
nails along the outer edge of the outside casing
will allow the jamb to be removed casily.
Check the jamb to sec if nails have been driven
through it and into the studs. There should be
no more than two nails in the jamb., Onc nail
at each end of the head jamb is more than suf-

ficient to hold the jamb, in place. There is usually’

one nail through cach end of the sill that holds
the bottom of the jam in place. Don't be surpriscd
if there are no nails in the jamb. Oncc you
remove the inside casing, the jamb may be free
to fall out of the opening. This method is
sometimes used to allow the jamb to_be as free
and" straight as possible without wedging and
nailing. which (as time passes) may-cause the
jamb to sprcad at the top and bottom. Replace
the sill with & new onc and install the unit.
-Wedging is required on the top and bottom.at
the ends of the side jamb. Proper wedging will
hold the window squarc and level until the
casings are fastencd,

6-58. Maintenance on double-hung windows
usually consists of adjusting hardware or loosen-
ing the sash in the jamb. Some of the common
faults and their remedies are listed below:

® Binding sash along stops—Wax ‘the sur-
faces that bind. If this does not remedy the situ-
ation, remove the stop and plane a small amaunt
from the side of contact. Sanding or scraping
may be easier than planing if binding is not
great.

® Binding due to swelling of the sash—If
the swelling is due 1o moisture and the sash will
work propérly when dry, leave it alone. Do
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not planc the sash unless it is nccessary. If the
sash is too large to slide properly, remove it by
removing thesstops, and planc it as required.

® Bowing of stops—Remove stop and cut
off the end to the proper length.

® Broken sash cord—Broken or missing
cords call for careful removal of the stop on one
side of the jamb. Remove one edge of the bot-
tom sash at a time and remove remaining sash”
cords from sash. Tic a knot in the cord that will
prevent it from being drawn through the jamb.
Remove: the parting stop and top sash, using
the same precautions. Replace the cords with
proper length of new cord. Cords that are too
long or too short will not work properly. If the
weight balance has dropped within the wall, it
may be necessary to remove the inside casing to
locate 1t and replace the cord. Barrel bolts or
other dewices .arc somictimes used in place of
the cord and balance system.

® Malfunction of springs—Check attachment
of control springs or friction devices. These may
require rewnstaliation. Follow manufacturer’s in-
structions for adjusting-holders, springs, or other
parts of Particular types of devices. A special
tool, which is furnished when certain. windows
or devices arc purchased, may be required in
making some adjustments. "

6-59. Gluss replacement. No discussion of
windows would be completc without considering
the instaliation or replacement of glass. Although
most new sash are delivered with the glass in-
stalled, the procedures for replacing glass are
the same as for installing it except that you
must clcan the old sash. Cleaning the sash of old
putty and installing new glass and putty can be a
challenging job. The better job you do in scrap-
ing the putty from the sash, the easier you can
apply the new putty. Perhaps you have won-
dered why some pcople make the job appear
difficult, whereas others seem to get a neat layer
of putty the first time their knife slides along
the sash.”

6-60. Practice is an essential part of learning
to cut and install glass. An understanding of
the basic techniques can save you a lot of time
and effort. The main tools that you will need
arc a glass cutter with extra wheels, a common
screwdriver 4 to 6 inches long, a clawhammer,
a wood chisel %2 to 1 inch wide, a putty knife
with a I-inch-wide blade, and a framing square
or straightedge.

6-61. Putty for ,wood sash may be either
Type I or I1. Types I and II may be used inter-
changeably, but Type II is recommended for
filling hdles and cracks where a hard material is
desirable. Types I and II are both suitable for
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interior and exterior work. Type 1 is an elastic
glazing compound which dries on the surface
but remains slightly soft and plastic underneath.
It is recommended for use where repeated shock
or vibration may be encountered. Putty should
be stocked in small quantities (30-day supply)
so that it will be fresh and pliable when used.

6-62. One gallon of putty will normally bed
and face glaze approximately 100 linear feet of
Y -inch rabbet, 150 linear faet of ¥2-inch rabbet,
or 200 linear feet of ¥s-inch rabbet. One gallon
of putty could be used to install approximately
65 8- x 10-inch- windows, where a ¥-inch
rabbet is used on the sash.

6-63. Glazier poiats, as shown m{igurc 56,
are used to secure the glass in wood sash. The
triangle is driven with a hammer and the edge
of a screwdriver or wood chisel, etc. Everyone,
works out his own method, but side of a
chisel or screwdriver blade usually works best.
The points are driven in flush along the glass as

_.shown in figure 57 and are driven below the
height of the rabbet on the opposite side of the
glass. A gun is used to drive the diamond-
shdped point, and the T-shaped point is driven
with the blade of a screwdriver.

6-64. Clear window glass, Type 1I A qual-
ity, is recommended for replacements in hospi-
tal and administrative-type buildings. The usc of
B quality glass in quarters and service buildings
will afford a saving in the costs of material. The
following schedule may be used as a guide for
selecting the thickness and sizes of installed clear
window glass.

®- Single-strength—up to 400 sq. in.

¢ Double-strength—over 400 sq. in. to 7

sq. ft.

® 34 4-inch-thick—over 7 sq. ft. where glass

is required.

" 6-65. Wire ‘glass, Type IlI, is made in two
forms: flat and corrugated. Flat wire glass, usu-
ally ¥4 inch thick, in used in doors, windows,
fixed side wall sash, and skylights. Corrugated
wire glass, %4 inch or more in thickness, is used
mostly in skylights. Clear, flat wire glass, pol-
ished two sides, is used in windows and doors
of detention, storage, and other buildings where
security and clear vision are necessary. Figured
or ribbed glass smooth on onc side is desirable
for use in. doors and windows of buildings such

<1 < <

Figure 56. Glazier points,
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Figure 57. Glass installed in wood sash.
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as shops, garages, and warehouses where clear
vision is not required. ‘Two systems of skyught
construction, puttied and putgylcss with flat or
corrugated glass, are used ?g)to light building in-
teriors. Skylights ‘made up’ of multiple support-
ing members and glass lights are often a source
of leakage. As a rule, maintenance work will
consists only of rcplacing sealing strips, cushion
strips or compound at joints between glass sheets.
More extensive repairs may consist of rcplacc-
ment of glass, metal flashings, and joint cappings,
alll of which will be performed with similiar ma-
terials and in the samec manner as for the original
installation.

6-66. Obscure glass, Type 11, glazing qual-

ity, rolled figure on one side, smooth on ‘the op-’

posite side, and not less than Y4 inch thick, is
used where clear vision is not necessary or is

undesirable. Stch locations would include win-

dows and doors in toilets, baths, dressing rooms,
operating rooms, surgical dressing rooms, pro-
phylaxis and mortuary rooms, shops, garages,
and warehouses. .
6-67. Heat-absorbing glass, Type VI, clear,
is installed in the sash of control towers and
otheprspaces where occupants are exposed to di-
rect or reflected rays of the siun. This glass is
generally Y4 inch thick, clear, ground, and pol-
ished. Where clear vision is not required, use
the rolled figured, blue-green, obscure glass.
6-68. Light-diffusing glass, Type III, Pattern
V1, is usually not less than ¥4 inch thick. Surface
design may be a series of cylindrically shaped

" lenses on each side of the glass with the lenses
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on one gide running at right angles to the other.

An alternate design is a series of paraliel rows

of circular lenses on each side, with the centers
of the lenses on one side half way between cen-
ters of lenses on the opposite side. Depend-
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ing on the manufacturer's standards, circular

- lenSes may be spaced ¥ or V2 inch on centers

This lens-type glass is cspecially desirable for
use in borrowed light partitions and in spaccs
where an even distribution of light in all parts
of the room is necessary.

6-69. Colored glass, Type 111 C, acceptable
for usc in extcrior sash of chapels. 1s a ham-
mered or figured pattern shect not lcss than Vs
inch thick. Generally, it is amber in color, but
scveral other colors arc alsg available.

6-70. Shatterproof glass is installed to advan-

tage in observation windows in cngine test
rooms, dctention rooms, and other places re-

quiring a high resistance to breakage. Glass may

be tempered or laminated. not less than !4 inch
thick. and polished on both sides.

6-71. Tempered glass is made by rcheating
glass until it is somewhat soft, then cooling it
quickly in a bath of oil or against a.metallic
surface. It wHll withstand heavy impacts and
great pressurcs, but a comparatively light blow
with a pointed object on or near the edge may
break it. This typc of glass may fly apart vio-
lently when broken.

6-72. Laminated glass gives  protection
against flying picces of broken glass. This glass
is built up in the manncr of a sandwich with a
sheet of transparcnt adhesive bonded between
two shects of glass. If a break occurs, the plastic
stretches, serves as a cushion. and also holds
the sharp fragments together.

6-73. When a glass is broken, eracked in
such a manner that the pieces may fall out, or is
a safety hazard, it is time for replacement. The
following information should be of help in plan-
ning the job.

6-74. Glass should be purchased and stocked
in sizes that can be used without cutting. Glass
of special sizes may be cut on a tablc in the
shop. The correct glass size is obtained by mca-
suring the sash and deducting '}, to *% inch for
irregularities in the sash. If you sct up a table in
the shop, it should be perfectly smooth, be
about 4 feet square, and have the front and left-
hand end square. Mark off the table surface in
inches with a T-square and keep- the T-squarce
around to use for a straightcdge when cutting
the glass.

6-75. The glass should be given a thin coat-
ing of turpentine or kerosenc alohg the cutting
linc. Use a sharp cutter and draw the cutter
along the cutting line only once. Additional
strokes with the cutter may break the glass, and
it doesn’t help the cutting wheel. Slide the glass
so that the cut line is just beyond the cdge of
the table. Kecp a firm grip on the cxcess that is
to bec cut off to prevent it from accidentally
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breaking off. Tap the glass under the cutung line
from the cdges towards the nuddle. As you tap,
you can scc the glass break through beneath
the mark made by the cutter. Small fragments
that do not break properly can usually be re-
moved by using the notches on the back side
of the cutter. Use goggles. gloves, and apron
while cutting the glass. Small particles left on the
table should be removed with 2 brush.

6-76. Replacing the glass in an old wood

__ sash involves a little_more work then the initial

installation. Clcan all putty ruas (rabbets) by
removing broken glass. putty, and glazier points.
Paint and putty can best be removed by scraping.
The putty runs should be brushed out, cleaned
with mincral sprits or turpentine. and allowed
to dry. If the sash is cxtremely dry (very po-
rous). a'foating of linsced o1l or primer paint
should be applicd before the putty to help to
keep it in a plastic form. Do not glaze or re-
glaze cxterior sash when the temperature s
40° F. or lower, unless the work is absolutely
nccessary.

6-77. Before the new glass is placed in the
sash. you should put '} inch of putty along the
back cdge of the rabbet. Place the glass on this
layer and apply a slight amount of pressurc
along the cdges to cause the putty to spread into
a smooth layer. This putty bed forms a weather-
tight scal on the inside of the sash. Place glazier
points about 2 inches from cach .corner and
about 6 inches apart along the putty run to
hold the glass firmly in place. After the points
arc in place, a continuous bead of putty is run
along the perimeter of the glass,face #nd putty
run. Press the putty with a putty knife, using
sufficicnt pressure to insure complete adhesion
10 the glass and sash. as shown in figure 58.
Finish the surface with full, smooth, accurately
formed bevels with clean-cut miters. Trim the
bed putty that pushes out on the reverse side
of the glass.

6-78. Window and Door Screens. In most
climates and geographical arcas, buildings which
arc used primarily for housing personnel (for
cither residence or work) arc provided with
screens to cover the windows and doors. These
screens serve to prevent cntry of insects and to
protect the glass from breakage. The screens
arc built on a framec so that they may be in-
stalled and removed scparately as desired. The
frames arc made to fit into the outside casings
of the window or door, as shown in figurc 59,
Similar materials are used in door and window
screens, cxcept that the screen door frames are
usually hcavier and stronger. An additional usc
of screens is .in inclosing porches. In these cascs.
a special framework is constructed to hold the
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Figure 58. Setting glass with putty.

screens. Window and door frames may be pur-
chased or made in the shop to fit. You will need
a good knowledge of the procedures for hzgull-
ing and repairing screens often as they are de-
, teriorated by weather elements and frequently
. become damaged by handling when rexnoved,
installed or stored. )

6-79. Screen materials. Much of the screen-
ing found on Army buildings is made of com-
paratively short-lived steel or iron wire, either
painted or galvanized. Continued use of such
screen cloth is not recommended for other than
planned short-time use of structures, Do not use
steel or iron wire screening in tropical zones.
The use of corrosion and weather ruiltq.gt ms-
terial, such as coppepd bronze, &lumimim, or
plastic, is recommen or most future screening
needs. Large diameter (0.015-inch) metallic wire
wiil give longer service in tropical areas where
excessive condensation and sslt air are encoun-
tered. Bronze wire, Type C, is recommended for

* use in barracks, dining facilities, and similar

buildings where rough usage may be expected.
Commefcial bronze, better known as Type B, is
not recommended for use in tropical areas,

6-80. Woven gcreen cloth with strands of any
of the following preferred materials are ac-
ceptable:

y ® Copper, Type A; Bronze, Type C; Alumi-
num, Type G.

o Iron or steel, Type D or H, galvanized, ja-

panned or piinted, may be used on buildings
planned for limited use, except in tropical
zones. - '

-~

-~

-
& Nylon.-
® Plastic, Vinylidence Chloride.

6-81. Screen cloth recommended for tropical
areas is the 16 x 16 mesh per inch made of
0.015-inch dismeter strands, with opening size
not greater than 0.0475 inch, Other screen ma.
terial of 18 x 18 mesh with 0.011-inch strands is
suifable for most locations. -

vy
6-82. Repairing frames. Screen doors and win-
dow screen frames are usually made of 3 to.
1% inch thick western red cedar, preservative-
treated pondeross pine; northern white pine,
Idaho white pipe, sugar pine, or heart cypress.
Wood frame screen doors and window screens
should be removed in winter if insects are not a
problem. They should be repaired at this time
and stored in a dry place (off the groynd or
concrete) until needed. Repairs may. consist of
the following items:
® Replace damaged end rails, split stiles, ete.
® Replace loose hooks or hangers (hinges).
©® Paint frame or patch screen.
® Replace screen.

6-83. When replacing rails or stiles of frames,
select suitable material of proper dimensions.
Fasten the frame members, using any of the
Jjoints illustrated in figure 60. Preferably, match
the other joints of the frame. An application
of paint before installation is advisable.

6-84, Use screen hinges on screens that are
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Figure 59. Window screen.
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Figure 60. Juints for framing.

mounted flush with the outside casing. Mount
the upper part of the hinge on the head casing
and fasten the lower part over the joint madc
by the ‘upper rail and cnd of a sids stile. .as
shown in figurc 61.

6-85. Repairing  Screens.  Tighten  Joose
screens .by removing a picce of molding and
strctching the sereen into placc. You may re-
pair small holes in the screcen by patching. as
shown, in figurc 62. Use like materials when
patching—bronze on bronze, and aluminum on
aluminum. etc. .

6-86. Aluminum screens in aluminum sash
requirc only a small amount of maintcnance.
Keep hangers and loching devices properly fas-
tencd and in working order.

6-87. Tension screens of  aluminum  alloys
consist of the cloth. top and bottom bars (in
placc of rails). and attachment brackets. The
sclvage cdges are pulled tight against outside
blind stops: thus no guides or other framing is
required. The sill bar is adjustable and can be
arranged to provide continuous contact, even if
the sill is not level. You may tighten the screen
by adjusting the sill brackets.

6-88. Screen wirc is applied to the frame if
many different ways. One satisfactory method is
to place the frame on a flat surface and unroll
the screen wifc on the frame. Fasten it in place
with small staples placed approximately 3 inches
apart. For best results. stretch the wirc by
hand while nailing it to the frame. Wirc which
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Figure 61. Window screen on screen hinges.

is strctched too tightly may bend-the stiles and
rails or tear the wire. Complete the installation
of the screen wire by placing a small dccora-
tive molding ovét the edges of the wire, using
2d casing nalls. Miter the corners of the molding
for a neater appearance. You can use a lino-
leum knife to trim the screen wirc flush with
the outside of the molding, as shown in figure
63.

6-89. Especially where traffic is heavy, you
may prevent sagging of screcns on screen. doors
by installing pushbars and wire guards. Place
pushbars of wood ar metal about 45 inches
above the ﬂgbr, where the screen is most likely
to be pushed“when opening the doors. Wire
guards cover the screen area between the lock
and bottom rails. The guards may be prepared
of %2-inch square mesh, 19-gage steel wire, or
1-inch diamond mesh woven from 16-gagesstecl
wire. Prefabricated ornamental guards may be
purchased. Set these guards against thc scrcen
and firmly secure them at all edges.”

6-90. Storm Doors and Sash. In cold climates,
the heat Joss through doors and windows can
be greatly reduced by installing storm doors
and sash. Storm sash arc prepared like window
screens, except that the frames arc rabbeted
and glass is set in place of the scrcen. Storm
doors are constructed similarly to storm sash.
The doors may contain glass in the upper pancl
only or in the bottom panel as well.

6-91. Storm sash may be -rcadily inter-
changed with s&rccns, since they arc usually

e

PATCH PIECE * HOLE PATCH i PLACE

Figure 62. Patching small holes in window screens.

hung from the same hinge bracket on the win-
dow casing and are locked with the same hook
and cyc on the inside bottom of the sash frame.
The glass is secured to the frame with glazier
points and putty, as shown in figure 64; how-
cver, a wooden molding may be used.

6-92. Some door and sash frames arc con-
structed for combination usc with screens or
glass. In these frames, the screen and glass
panels arc rapidly changed by using simple
fasteners. In many aluminum frames, the panels
operatc by sliding in a grooved mounting, mak-
ing the pancls “self-storing.”

6-93. Maintenance tasks which you will be re-
quired to do on storm doors and sash are like
those for screens and windows. Using the proce-
dures which we previously discussed, you will be
able to make the necessary repairs and replace-
ments. )

ALONG EDGE
OF MOULDING

TYPES OF
MOULDING

bee——— SCREEN STILE

Figure 63. Trimming screen wire.

6-94. Just as it is necessary to provide for
ventilation of the part of buildings which we oc-
cupy by'installing doors and windows, it is highly
desirable that the attic also be ventilated. One
way of ventilating this arca above the ceiling is _
to install louvers.

6-95. Louvers. Louvers are vents which are
designed to prevent the cntrance of rain or spow.
They are usually installed in the gable of build-
ings near the roof, as shown in figure 65. Vent-
ing of the arca where louvers are installed pre-
vents condensation of moisture and allows escape
of hot air to aid in cooling buildings.
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Figure 64. Storm sash.

6-96. You may copstruct louvers according
to many designs or you may purchase them as
prefabricated units. They may be made of either
wood or metal, or a combination of both. Like
windows, they are built within a frame. The
frame holds horizon mounted fins, vanes, or
slats of metal or w in a downward slanting
position, from the inside to the outside. The
slanting of the fins allows free circulation of air
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but prevents rain or snow from entering. The
fins arc usually nailed in position but may be
adjustable for closing when desired. A screen is
placed behind the fins to prevent entry of birds
ande insccts, N

6-97. Whether constructed in the shop or pur-
chased, you will ordinarily install the louver as a
unit. Installation procedures are the same as for
windows. If maintenance is necessary, it usually
will be better to remove the complete unit to
so that repair of the frame, fins, or screen can be
done more handily.

6-98. When all outside wall openings have
been filled by installing doors, windows, and louv-
ers, the exterior wall can be finished by cover-
ing it with siding aud trim. Let’s proceed with
our discussion so that yed can become proficient
in finishing exterior walls.

»
7. Exterior Wall Finishing
7-1. Here we will actually discuss the “skin” ."“'

of the building, which apparently is so important

to its appcarance and the satisfaction of those

who sec and usc it. Although it is the thinnest -

part of the external wall, it certainly has impor-

tant functions to perform besides those that can

be scen. As our own skin holds and' protects

our bone framework and other vital furictioning .
parts, so the exterior wall finish protects the rest .o

of the wall from deterioragion. o

7-2. Siding Materials. Although there are many
different types of materials used for exterior fin- . . .,
ishes, wood is ordinarily used, at least for the
trim. In choosing wood for the exterior finish,
you should consider several factors, such as decay
resistance, paint-holding quality, and lumber
grade. Always select the best lumber available
for the exterior walls. Lumber that js warped or
has an cxcessive amount ‘of knots should not be
used. Materials used .on the exterior walls of a

‘
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Figure 65. Louver installation.
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bilding are building paper, plywood wall cover-
ing, wooden &iding, asbestos shingles, wood
shingles, metal siding, viny! siding, and masonry
" finishes of stone, brick, or stucco.
7-3. Building paper. An important material
which is almost indispensable in connection with

SN

-

when selecting material for siding. Among the
more durable woods for \this purpose are c;geﬂs.
cedar, and redwood. In addition to durahility,
these woods have good paint-holding qualities,
which is another important consideration. A type
of wall siding adapted to formal architecture is

outside finish is building paper. This paper sezyes < the novelty siding. Decorative effects may be ob-

two useful purposes: (1) waterproofing and“(2)
reducing the infiltration of air and dust. All
such paper should be applied carefully around
window and door frames. Take special care,when
applying building paper over wall 'sheathing to
be sure that.you make it waterproof and dust-
proof. ‘

T4 Overlap the paper edges so that the ma-
terial will shed water, and do not use paper
containing gaps or holes. Since this paper tears
loose from ordinary nailheads or tackheads, nail
through metal discs to secure the paper.

7-5. Building paper is a felt-type material and
is asphalt or tar impregnated. It may sometimes
be referred to as building felt, rather than paper.
Different weights of building paper are available, '

" but 15-pound paper (15-pounds per 100 square

feet) is usually used under siding.

7-6. Plywood wall covering. Large panels of
plywood are now available on the market for ex-
terior use. In this plywood material, the various
layers are bonded together with waterproof resin
glues. The standard sizes for residential con-
struction are 4’ x 8’ panels with varying thick-
nesses. In addition to ‘increasing the rigidity of a
building, plywood panels reduce the lsbor cost.
These panels can be applied either horizontally
or vertically on 2 stud wall frame.

7-7. Wood siding. Wood siding is the standard -
covering for wood frame buildings. It is milled in
various patterns, as shown in figure 66. Since
siding is exposed to the weather, the durability

. of the wood is an important factor to consider
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tained by scorifg the siding vertically with 2
grooving tool. A rustic effect is produced by the
log-cabin-type siding or by the V-ruStic type.
Drop siding makes a strong, tight wall which in
itself is well insulated against wind and cold. It
may use shiplap or tongue-and-groove joints.
Bevel, or lap, siding is usually thinner and adds
greatly to the softness and refinement of shadow
lines. It may be rabbeted or simply lapped as
clapboard. '

7-8. When installing wood siding, you will nail
it at the studs. Either box or casement nails may
be used. Casement nails should be set and the
holes filléd with putty. This method is best wibre
the paint to be used will not hold on metal sur-
faces without spec¢ial priming. Drop siding and
most types of novelty siding should be installeg
with 8d nails; bevel siding may be put on with
the 6d size. The nails should be ‘either rust-
resistant (like galvanized nails) or rustproof (like
aluminum nails) to prevent dark rust streaks
from forming.on the wood.

7-9. Asbestos shingles (cement-asbestos). One
type of shingle which is frequently used in modifl-
cation of Army buildings is the asbestos shingle.
It is a hard, brittle shingle made of cement and
asbestos. These siding shingles are fireproof and
have replaced or covered the wood siding on
many Arfhy buildings. They are 5/32 inch thick,
12 inches wide, and 24 inches long, and are avail-
able in many colors.

7-10. Cement-asbestos. shingles are installed
with rustproof accessories. The nails are alumi-

!
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Figure 68. Types of siding. - _

42

7Y :

)77

“7

~

]
’




ERIC

Aruitoxt provided by Eic:

OUTSIDE CORNER

INSIDE CORNER

EDGE STRIP -

[ T e e e e e e e e em et e evm e e

Figure” 67. Shinglc accessorics.

num and have a flat hecad. OQutside and inside
corners .and cdge strips  (shown in fig. 67)
arc installed over building paper before  the
shingles arc placed. Felt strips arc used under
cach” joint, as shown in figurc 68. All cdges
(around doors. windows, ctc.) arc calked to pre-
vent water from getting behind the shingle. The
color of the calking should blend with the color
of the shingles. When the nails arc driven too
tight. they will causc the shingle to break. When-
cver half shingles arc required, they are cut with
a shingle cutter (shown in fig. 69) designed for
that purposc. Additional nail. holes may be

punchcd with the pin located on the handle. The

nipper is used to chip out small portions to fit the
shingle around obstructions.

7-11. Asbestos shingles arc usually installed
over ¥ -inch shcathing becausc the random nail-

HEADLAP
{17 MIN}
DETERMINED 8Y
LOCATION Of
FACE NANLS

SACKER STRIP

’ !
FACE NAIS REST ON TOP EDGE Of R
NEXT. \OWER COURSE

Figure 68. Location of backer strip and naif holes.
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ing docs not occur on the studs. Some buildings
have % -inch sheathing. paper, wood siding, more
paper, and the asbestos shingle installed on the
surface. When you arc remodeling a building, it is
morc cconontical to leave the old siding (if it is not
completely rotted or warped) and place the
shingles over it.

7-12. A common mecthod for installing asbes-
tos shingles over fiberboard or other nonlumber
sheathing is illustrated in figurc 70. When the
shcathinz, will not hold nails. usc channel mold-
ing to hold the shinglcs. Nail the moldmg to the
studs.

7-13. Wood shingles. Wood shingles arc in-
stalled with a doubled first course. The second
layer is required to cover the joints in the first
layer. Shingles used on exterior walls may be
installed with morc exposurc to the weather (less
overlap) than shingles on a roof, becausc the
sun’s hcat docs not rcach them as directly and
water runs off quickly. They do not have the
same tendency to cup (curl up on the cdges)
while drying, because they dry more sl0wly than
shingles on a roof. A quick change in moisture
content will cause the shingles to risc at the cdges
or split.

7-14. Dry ‘shingles arc installed with a Y-
inch spacc between them to allow for expansion
when they absorb water. The amount of ex-
posure to the weather is different for cach shingle
lepgth: 7%2 inches cxposed on 16-inch shingles,
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Figure 69. Shingle cutter.

8%2 inches exposed on 18-inch shingles, and 11
inches exposed on 24-inch shingles. There must
always be two layers of shingles to assure that
water cannot enter through the joints.

7-15. Nails used to fasten shingles should be

hot-dipped, zinc-coated shingle nails, or copper -
or aluminum for the best finish job. If a round.

nail is used, the type having a blunted 3-cornered
tip.is preferable, since the shingle is less likely.
split. »Each shingle is nailed near cach edge.
_ Shingles over 10 inches in width should have at
least 3 nails in them. All nails should be drjven

s flush and covered by the next course of shiZglcs. /'

7-16. Metal and vinyl (plastic or synthetic)
siding. There are presently several types of meta}
and synthetic plastic siding materials in usé. Alsp,
there are combination types where me/t'g, isu
as the base with vinyl or other plastic’ coatifigs.

7 Research will undoubtedly lead to ﬂie develop-
“ment of more of these materials in the futyre.
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Figure 70. Use of channel molding.

7-17. The metal siding materials usually are
flat, corrugated, or V-crimped sheets. These
sheets may <be of galvanized iron, steel, or alumi-
num. Always install metal siding with nails made
of the same or a compatible metal to prevent
corrosive action from occurring. Galvanized lead-
headed nails may be used with galvanized iron
or steel siding, and aluminum nails with plastic or
neoprenc seals are commonly used with alumi-
num siding.¥These materials arc used for covering
sheds and/other storage buildings where dur-
ability is more important than the architectural

any size, whereas corrugated and V-
d sheets are usually 26 inches wide and
ip’lengths of 6 to 12 feet. You may install these
/shee{s horizontally, but they are more often
plac{ed vertically. Nail them on the top of the
corrugations or crimps rather than in the valleys.
The amount of nailing required will vary with the
particular installation. Ordinarily a row of nails
//across the sheet at 2-foot intervals, with a nail on
/every fourth corrugation, will be adequate. The
;' side lapping of V-crimped sheets is predetermined
by its shape, whereas corrugated sheets should
be lapped at least 1'% corrugations and nailed
every 6 inches along the edge. The end laps,
where necessary, should be approximately 4 to 6
inches. v .
7-19. Vinyl or other plastic materials are usu-
ally used for decorative purposes. Bécause of the
case of molding these materials during manufac-

v
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Figurc 67. Shinglc accessorics.

num and have a flat head. Qutside and inside
corncrs and cdge strips (shown in fig. 67)
are installed over building paper before the
shingles arc placed. Felt strips arc used under
cach joint, as shown in figurc 68. All cdges

- (around doors, windows, ctc.) arc calked to pre-

vent water from getting behind the shingle. The
color of the calking should blend with the color
of the shingles. When the nails are driven toq
tight. they will cause the shingle to break. When-
cver half shingles are required, they arc cut with
a shingle cutter (shown jn fig. 69) designed for
that purposc. Additional nail holecs may be
punched with the pin located on the handie. The
nipper is used to chip out small portions to fit the
shingle around obstructions. i
7-11. Asbestos shingles are usually installed
over %-inch sheathing because the random nail-

BACKER STRIP HEADLAP
f1" MIN.)
DETERMINED 8Y
LOCATION Of

FACE NAILS

—‘_;-'ﬁ““"—"‘"‘ e — — ——.

/
FACE NAILS REST ON TOP EDGE Of
NEXT LOWER COUNSE

Figure 68. Location of backer strip and nail holes.

ing does not occur on the studs. Some buildings
have %3-inch shcathing, paper, wood siding, morc
paper. and the asbestos shingle installed on the
surfacc. When you are remodeling a building, it is
more cconomical to Icave the old siding (if it is not
completely rotted or warped) and place the
shingles over it.

7-12. A commion mcthod for installing asbes-

tos shingles over fiberboard or other nonlumber
sheathing is illustrated in figure 70. When the
sheathing will not hold nails, use channel mold-
ing to hold the shingles. Nail the molding to the
studs.
v 7-13. Wood shingles. Wood shingles arc in-
stalled with a doubled first course. The sccond
layer is required to cover the joints in the first
layer. Shingles used on cxterior walls may be
installed with morc exposurc to the weather (less
overlap) than shingles on a roof, becausc the
sun’s hcat does not recach them as directly and
water runs off quickly. They do not have the
same tendency to cup (curl up on the cdges)
“while drying, becausc thcy dry more slowly than
shingles on a roof. A quick change in moisture
content will cause the shingles to risc at the edges
or split. ~ v

7-14. Dry shingles are .installed with a Y-
inch spacc between them to allow for expansion

. when they absorb water. “The amount of ex-

posure to the weather is différent for each shingle
length: 7'% inches cxposed on 16-inch shingles,
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8%2 inches exposed on 18-inch shingles, and 11
inches exposed on 24-inch shingles. There must
always be two layers of shingles to assure that
water cannot enter through the jeints.

7-15. Nails used to fasten shingles should be
hot-dipped, zinc-coated shingle nails, or copper
or aluminum for the best finish job. If a round
nail is used, the type having a blunted 3-cornered
tip is preferable, since the shingle is less likely to
split. Each shingle is nailed near cach edge.
Shingles over 10 inches in width should have at
least 3 nails in them. All nails should be driven
flush and covered by the next course of shingles.

7-16. Metal and vinyl (plastic or synthetic)
siding. There are presently several types of metal
and synthetic plastic siding materials in use. Also,
there are combination types where metal is used
as the base with vinyl or other plastic coatings.
Research will undoubtedly lead to the develop-
ment of more of these matcrials in the future.
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7-17. The metal siding materials usuvally are

flat, corrugated, or V-crimped sheets. These

sheets may be of galvanized iron, steel, or alumi-
num. Always install metal siding with nails made,
of thc same or a compatible metal to prevent
corrosive action from occurring. Galvanized lead-
headeds nails may be used with galvanized iron
or steel siding, and aluminum nails with plastic or
neoprenc seals arc commonly used with alumi-
num siding. These materials are used for covering
sheds and other storage buildings where dur-
ability is more important than th= architectural
appearance.

7-18. Flat metal shcets may be purchased in
almost any size, whereas corrugated and V-
crimped sheets are usually, 26 inches wide and
in lengths of 6 to 12 fest. You may install these
sheets horizontally, but they are more often
placed vertically. Nail them on the top of the
corrugatlons or crimps rather than in the valleys.
The amount of nailing required will vary with the
particular installation. Ordinarily a row of nails
across the sheet at 2-foot intervals, with a nail on
every fourth corrugation, will be adequate. The
side lapping of V-crimped sheets is predetermined
by its shape, whercas corrugatcd sheets should
be lapped at least 1'2 corrugations and nailed
every 6 inches along the edge. The end laps.
where necessary, should be approximately 4 to 6
inches.

7-19. Vinyl or other plastlc materials are usu-
ally used for decorative purposes. Because of the
case of molding these materials during manufac-
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Figure 70. Use of channe!l molding.
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ture, they may be made 1n a vancty of shapes. A
wide sclection of colors is also available. Special
nails arc available, and you should sclcct them
to match the material. The amount of nailing
réquired will vary with the shape of the material
and the charactcrlstlcs of the installation. How-
¢ver, Uie gencral methods used for fastening
metal siding may often be uscd.

7-20. Prccoated or combination metal and
plastic siding is ustally formed to resemble some
type of wooden s'iding. Usually some type of
channel molding is used to install this kind of
siding so that nailing through the- precoating ma-
terial is avoided. In cascs where new or special
types of siding materials arc being installed, con-
sult the manufacturer for recommendations con-
ccrning. methods and fastening devices.

7-21. It scems that any job or project always
requircs a “last minutc touch™; that is, the “trim-
ming” or the adding of something to make the
job complete. This is also truc in finishing an cx-
terior wall. Boards are installed in several loca-
tions becausc they make the "building look more
completc. Let's discuss the location of external
trim and the other purposcs which it scrves.

7-22. External Trim. Don't misunderstand. In-
stalling the trim cannot be donc during the last
minutc of exterior wall finishing. A considerable
amount of time will be required to properly install
the trim boards. They arc not nccessarily the last
boards installed, either. They usually are placed
on the sheathing before the siding is installed but
can be nailed on or over the siding. Exterior trim
includes door and window casings, water tables,
corner boards and cornice.

7-23. When the trim is installed before the
siding, the trim forms a border within which the
siding .is placed. The squarcd cnds of the siding
material arc butted against the edges of the trim.

" If you carcfully cut and install the s:dmg the
joints will be casy to seal. If the trim is nailed
over the sxdmg, accurate cutting of the siding is
unnecessary, since. the joints arc covered by the
trim,

7-24. Exterior trim is usually of 1-inch finish
lumber. The width may vary with the architec-
tural design, but usually will be of 4-inch finish
boards. Sclect good, 'straight boards which are
frec of knots for usc as cxterior trim.

'7-25. Door and windop casings. Usually these
casing boards are_instdlled with the door and
window frames, ¢ have previously discussed.
rdinarily I x 4’s which are

b J

o -

7-26. A drip cap is usuall'); installed as a -part
of the casing above doors and windows to pre-

vent entry of moisture behind the casing. h\_qt‘l;L
cascs, a flashing is formed of copper or ga

nized sheet metal to extend under the siding and
over the upper casing. -

7-27. Water table. The Iowcst _part of the out-
side finish of a wooden structure that meets the
¢yc is the water table. It consists of two parts: a
bascboard, which is installed where the founda-
tion wall stops and the framework begins, and a
drip cap, which is installed above the baseboard.

7-28. The purpose of the water table is to pro-

tect the foundation sills bysdcflecting rainwater .
away from the sills. Without a water table, water
running down the walls would seep in between the
foundation and sills, thus damaging the sills.
Therefore, the' watcr table is important and must . .
be constructed with great care. Two different
methods of constructing thc water table are
shown in figure 71, Since the outside wall cov-
ing begins at the water table, the water table must
be constructed first. e

7+29. Corner boards. At the ;éorncrs\qi the
building, the wall covering, either shingles or sk~
ing, can be trcated in onc of scveral ways. The
siding or shingles can bc beveled and fitted to-
gether. The shingles can be lapped alternately,
the siding can be butted and covered with metal
caps, or corner boards (shown in fig. 72) can be
installed.

7-30. You should tack a stnp of bunldmg pa-
per over the corner before placing the corner
board in position for nailing, as illustrated in fig-
urc 73. To avoid a rounding at the corner, you

- should fold the paper lengthwise and crease it to
fit the corner of the building.

7-31. Cornice. Just_as the water table frames
the bottom of a wall an the corner boards, frame
the sides, the cornice Poards complete thd trim-
ming by framing thg/top of the wall. Cornice
boards arc usu 6 inches or more wide and
arc nailed to the wall just below the caves of the

roof, as shown in figurc 74. . .
7-32. At this point in our discus.jgg)/ cx-,
terior framing, you should havc a g
standing of the principles and met
building the wooden frame,
windows, and puttmthc extern
+ Onc more task shoul®*be donc after application
of the primer coat of paint. All joints betwcen
the siding and trim should bc madc airtight and
moisturcproof by filling them with calking com-
pound.
7-33. Calking. Even when the joints between
the window and door casings and sills are made
- carcfully and accurately, moisture still may cnter.
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If the back (unpaintcd) sides of these external
. finishing boards beconic wet. the boards will rot,
since they dry very slowly. Calking compound, a
soft, adhesive filler matérial, is applicd to fill and
- seal these joints. The joints between the siding
/ and cormer boards arc often calked, too.
7-34. Calking compounds. A suitable calking
'compound is compased of pigments (or fillers).
a liquid, and mineral fibers. The consistency of
the compound depends upon the amount of cach
part in the mixture. There arc two grades of com-
mercially recognized calking compounds: grades
I and 2. Grade 1 is of a soft consistency suit-
able for application with a calking gun. Grade
. has the consistency of glazing putty and is appli€d
{ with a knife. Calking compounds arc availablc'in .
' at least twenty shades and colors, including
black, white, and alominum. Gun application of
grade 1 is recommended for gcncral se, since it
.is easy to apply, is cconomnca}, an
one-third the time required fof knife application.
You may use a knife for application where a neat
, . finished appearance for some cogsplcuous loca-
tion is desired. Both grades of calking comgound
. _ dre available i bulk containers, and grade 1 is
also furnished in tubes.

7-35. Calking guns, Most calking guns arc
hand operated. The standard hand-operated gun,
as iljustrated in figure 75, consists of a compound
~réservoir, nozzle, handle, plston, ratchet rod, and

" trigger mechanism. Guri nozzlcs arc available in
majty sizes and: shapc’s Tip og‘cmngs arc fur-
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nished for usc in level or angled application of . -
the compound. You will save time if you select
the propef nozzle for the particular job- When
applying the calking compound. place the nozzle
tip at, or preferably insert it into, the joint to
be filleds Apply the calhing compound by a co-
ord#ated action of purpping the compounid with
the trigger while mowng,thc tip of the nozzle
along the joint.

7-36. Wooden _structures which are gwcn'
coat Qf paint as nceded will ysually last for many .
years. There arc buildings ir|\ the world that are
several hundred’ycars old to\attest to this fact.

*

re time. Pcrform good, timely mainte- . +
o the exterior finish of buildings and you
prescrve them for the usc@f future gencrar

-

tions.

7-37. Maintenance of Exterior Finish. The
most common failure of wood and wood prod-
uets, exterior siding, and trim is caused by mois-
ture. Of course, somc dcterioration can be ex-

pected from ordinary .wear "and tear. Sadly
cnough, there is also breakage whi sults from
misuéc and abusec. Whether weathefing, normal .

wear, or other factors necessitate répair, replacc-
ment. or cfinishing of an cxterior wall. you niust
give conﬁurauon to matching or duplicating the
matefial of the cxisting finish. .

7-38. Most of the siding you will be replicing .

83 :
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ture, they may be made in a varicty of shapes. A
wide selection of colors is also available. Special
nails arc available, and you should sclect them
to match the material. The amount of nailing
required will vary with the shape of the material
and the characteristics of the installation. How-
*8ver, the general methods used for fastening
metal siding may often be uscd.

7-20. Precoated or combination metal and
plastic siding is usually formed to rescmble some
type of wooden siding. Usually some type of
channel molding is used to install this kind of

siding so that nailing through the precoating ma- -

terial is avoided. In cases where new or special
types of siding materials arc being installed. con-
sult the manufacturer for recommendations con-
cerning methods and fastening devices.

7-21. It scems that any job or project always
requires a “last minute touch™; that is, the “trim-

ming” or the adding of somcthing to make the,

job complete. This is also truc ir finishing an cx-
terior wall. Boards are installed in several loca-

tions becausc they make the building look more -

complete. Let’s discuss the location of cxternal
trim and the other purposes which it serves.

7-22. External Trim., Don’t misunderstand. In-

4talling the trim cannot be done during the last

minute of exterior wall finishing. A considerable
amount of timne will be required to properly install
the trim boards. They are not nccessarily the last
boards installed, either. They usually arc placed
on the sheathing before the siding is installed but
can be nailed on or over the siding. Exterior trim
includes door and window casings, water tables;
corner boards and cornice.

7-23. When the trim is installed before the

siding, the trim forms a border within which the
siding is placed. The squared cnds of the siding
material arc butted against the cdges of the trim.
If you carcfully.cut and install the siding. the
joints will be casy to scal. If the tnm is nailed
over the siding, accurate cutting of the siding is
unnecessary, since the joints are covered by the
trim. i
" 7-24. Exterior trim is usually of l-inch finish
fumber. The width may vary with the architec-
tural design, but usually will be of 4-inch finish
boards. Sclect good. straight boards which are.
frec .of-knots for use as cxterior trim.
« 7-25. Door’and window casings. Usually these
casing “oards are installed with the door and
window frames, as we have previously discussed.
These boards are ordinarily 1 x 4's which arc
nailed to the door or, window frames on onc cdge
and to the trimmers and headers on the other
cdge. They assist in holding the door br window
frames in placc and cover the space between the
frames and the: trimmers and: hegders.

~

7-26. A drip cap is usually installed as a part
of the casing above doors and windows to pre-
vent entry of moisture behind the casing. In other
cases, a flashing is formed of copper or galva-
nized sheet metal to extend under the siding and
over the upper casing. .

7-27. Water table. The lowest part of the out-
side finish of a wooden structure that mects the
eye is the water table. It consists-of two parts: a
bascboard. which is installed where the founda-
tion wall stops and the framework begins, and a
drip cap. which is installed above the baseboard.

7-28. The purposc?of the water table is to pro-
tect the foundation sills by deflecting rainwater
away froni the sills. Without a water table, water
running down the walls would seep 1n between the
foundation and sills, thus damaging the sills.
Thercefore. the water table is important and must
be constructed with great care: Two different
mcthods of constructing the water table are
shown in figure 71. Since the outside wall cov-
ing begins at the water table, the water table must
be constructed first.

7-29. Corner boards. Al the corners” of the
building. the wall covering. either shingles or sid-
ing. can be treated in onc of scveral ways. The
siding or shingles can be beveled and fitted to-
gether. The shingles can be lapped alternately,
the siding can be butted and covered with metal
caps, or-corner boards (shown in fig. 72) can be
installed.

7-30. You should tack a strip of building pa-
per over the corner before placing the corner
board in position for nailing, as illustrated in fig-
ure 73. To avoid a rounding at the corner, you
should fold the paper lengthwise and crease it to
fit the corner of the building. .

7-31. Cornice. Just as the water table frames °
the bottom of a wall and the corner boards frame
the sides, the cornice boards completg the trim-
ming by framing the top of the wall. Cornice
boards arc usually 6 inches or more wide and
arc nailed to the wall just below the caves of the
roof, as shown in figure 74, .

7-32. At this point in our discussion of cx-
terior framing, you should have a good under-
standing of the principles and mcthods used for
building the wooden frame, installing doors and
windows, and putting on_th# cxternal.wall finish.
One morce task should be donc after application
of the primer coat of paint. All joints betwecen
the siding and trim should be njade airtight and
moistureproof by filling them with calking com-
pound. )

7-33. Calking. Even when the joints between
the windowglnd door casings and sills arc madc

«carcfully and accurately. moisture sﬂ%cntcr.
< o
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ct, the boards will rot.

If thg back (unpainted)
finishing boards becom
since they dry very slgWwly. Calking compound, a
soft, adhesive_filler nfaterial, is applied to fill and
seal these joints. The joints between the siding
and corner boards g@re oftcn calked, too.
7-34. Calking corgpounds. A suitable calking
compound is compofed of pigments (or fillers).
a liquid, and minera{ fibers. The consistency of
the compound dependg upon the amount of cach
part in the mixturc. Thece are two grades of com-
mercially recognized calk
! and 2. Grade ! is of a so
able for application with a calkipg gun. Grade 2
has the consistency of glazing putty and is applicd
with a knife. Calking compound arc available in
t least wenty shades and Jcolors, including
lack, white, and aluminum. Gun application, of
grade 1 is recommended for giencral use, since it
is easy to apply, is economi df,*and takes about
one-third the time required for knife application.
You may use a knife for zfp;\zlication where a peat
finished appearance for some conspicuous joca-
tion is desired. Both grades of calking compound
are available in bulk containers, and grade 1 is
also furnisked in tubes.
7-35. Calking guns. Most calking guns arc

. hatd operated. The standard hand-operated gun.

as illustrated in figure 75, consists of a compound
reservoir, nozzle, handle, piston, ratchet rod, and
trigger mechanism. Gun nozzles are available in
many®sizes and shapes. Tip openings arc fur-

' .
- v
. ”

Figurc 71. Watcr table construction
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nished for use in level or angled application of
the compound. You will save time if you select
the proper nozzle for the particular job. When
applying the calking ‘compound. place the nozzle
tip at, or preferably insert it into, the joint to
be filled. Apply the calking compound by a co-
ordinated action of pumping the compound with
the trigger while moving thé tip of the nozzle
along the joint. )

7-36. Wooden structurcs which arc given a
cuap of paint as nceded will usually last for many
ycars. There arc buildings in the world that aré
severdl hundred years old to attest to this fact.
However, it 1s not difficult to find examples of
other buildings which, begausc of neglect, have
deteriorated into dilupidated shacks within a
very short time. Perform good, timely mainte-
nance to the cxterior finish of buildings and you
will preserve them for the use of future gencra-
tions.

7-37. Maintenance of Exterior Finish. The
most common -failure of wood and wood prod-
ucts, cxterior siding, and trim is caused by mois-
ture. Of course, some deterioration can be ex-
pected from ordinary wear and tear. Sadly
cnough, there is also breakage which results from
misuse and abuse. Whether weathering, normal
wear, Or othcr factors necessitate re&air, reglace-
ment. or refinishing of an cxterior Wall, you must

give consideration to matching or duplicating the,
_material of the existing fihish.

7-38. Most of the siding you will be replacing
8o v

=




has a rabbeted or lap joint, or a tonguc-and-
groove joint. Boards that have a lap joint may be
casily removed by cutting the noils or driving the
small naillicads complctely through the board.
Boards with tonguc-and-groove joints may be
broken lengthwise and rcmoved in scctions to
prevent damage to adjoining boards.” Remove the
back side of the groove on the new board so
that it will slip into placc just like a shiplap joint.
When orly a part of a board is to be replaced,

you will need to cut the board with a wood chiscl ™
so that the joint will bc on the center of a stud. .
This will provide a nailing surface for the ends of
the okd and new boards. *
7-39. You must work carcfully in rcplacing
an asbestos shingle to prevent daniaging adjoin-
ing shingles. The best method is to cut the nails
before attempting to remove the shingle. If the
nails have worked loose and the head can be
grasped with the claws of a hammer, you can
pull them. However, you cannot pry against the
good shinglés with the hammer. Use a strip of
wood as & cushion under thc hammer to pre- - SCE 0SS
vent breaking the good shingles. The new WATER TABLE o
Figure 73. Corncr board installation.
W NARROW '
CORNER'BOARD  __ hingle must have nail holes punched in it so
that it can be face nailed along the upper edge
1 (close to the shingle lapping it from above). You
- may also nced to loosen the lower nails in the
shingles above the one you removed so that the
conn::zosomo new shingle will slide into place without damaging
the building paper. Fasten all nails after you nail
the new one in place. When replacing one shingle
™~ or a group of shingles in the same course, it is
nccessary to have some cxposed nails. These ex-
~1li— posed nails must be rustproof to prevent rust
CORNER BOARDS OF UNEQUAL WIDTHS, . stains from appcaring on the shingles.
2 ‘ 7-40. After repairs arc made, recatking js nec-
W e essary. Also, periodic inspection of calked| joints
: will rcveal a need for removing cracked and
. curled calking compound and for refilling the
/ : joints. The success of a calking job is, to a Yarge
cxtent, dependent upon proper preparation\ of
the surfaces to which the compound will be ap=
“plied. The old calking material must be thor-
oughly rgmoved before applying the new mate-
. rial.
7-41. To. completé\our study of the external
‘ » ( . portions of buildings, 18ts now discuss the’ cxter-
M} / nal cntranccways which are loca:)%d at the out-
1 side doors. These porches may-b€ quite simple
\'\DN.’/ ) in construction but can be rather complex. Be-
CORNER BOARDS OF EQUAL WIDTHS cause they arc used so cxtemsively, you should
WITH QUARTER-ROUND " have a good knowledge of their, construction 7
Figurc 72. Corner boards. - fcatures. ‘
~ 47
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Figure 74. Cornice boards. *

' 8. Paorches

8-1. The purpose which a porch serves is de-
termined by the way it will be usgd. In some in-
stances, only a step or two is heeded to assist in
movement {fom ground level into the doorway at
afi ejevated position. In other cases, a platform of
some size at the doorway is desirable. Protection
of the doorway from rain and snow is afforded
by addition of a roof, whereas further protection
from wind and insects may be given by inclosures

) of wood, glass, or screen.
8-2. Porches can be made of wood or con-
i crete. Coucrete porches have {ootings, walls, and

floors which are reinforced with steel rods. A
. smooth layer of concrete is used to finish the
’ walls, steps, and floors. Since you will build the
. forms for concrete, you should have a géneral
undertanding of the concrete work involved.
goth wooden and concrete porches have a foun-
ation, sills, joists, flooring, roof rafters, sheath-

ing, and roofing. . )
§-3. Foundations and Piers. Since all porches
8 do not rest directly on the ground, they must be
supported by posts or picrs. Unless they are
large and two or more stories high, they do not
weigh enough by themselves to Tequire massive
foundations. Pier foundations are generally suffi-
cient to carry the load. Small porches or stoops,
which are 4 to 6 feet square, require footings of
. not more than 12 inches square and 6 inches
thick. The general type of front or side porch
usually requires concrete footings 18 inches
square and- 8 inches thick. Such footings should
not be spaced more than 10 fcet apart. Large
’ porches in which the piers cxceed the 10-foot”
spacing, especially if they are incl§sed, should
have concrete footings 24 inches sqare and 12
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inches thick. For porches that are less than 2 or 3
Jfeet above the groundéJ:t‘Dis better to carry the
masonry piers or foundation work of the porch
to the underside of the porch framing. This adds ° .
to the appearance and the ability to withstand -
shock and wear. ’
8-4. Openings should be provided to permit
air to circulate under the porch. -
§:5. It is more economical to usc a wood post
extending from the foundation to the underside
of the porch framing for porches more than 2
or 3 feet above the ground. When you use wood,
it should not be less than 5” x 5” square, and
its supporting *masonry work should be at least
6 inches above the ground. The end of the
wooden post which comes in contact with the
masonry should be protected from moisture., The
woods best suited for supports or piers are red-
wood, cypress, and cedar. Figure 76 illustrates

three types of porch piers.
L4 .

Figure 76. Porch piers.

8-6. Porch Joists. Floor joists and _porch joists
are similar in function. However, there is a need X
for greater wecather-resistant qualities for porch, d
joists; this is especially true for the outside joists. '
To provide adequate drainage, a porch floor
should slope %4 inch per foot away from the wall
of the building. Since there is no subfloor, this
requires that the flooring run in the direction of -
the slope—or at right angles to the wall. To pro-
vide a bearing for the joists, a series of girders is
run from the wall to the piers. The joists are
placed at right angles to thesc griders and rest ‘on .
top of them, or they can be cut to fit between
them. Figure 77 illustrates porch joist and girder )
construction. Porch joists arc usually spaced o to - |
30 inches apart, depending on the floor thickness
and the type of wood used. You should use

moisture-resistant wood, free from decay, and the X -

wood should Pe, treated with creosote or a stan-

0 . e .
dard preservative such-zs zinc chloride. Framing .
methods for porch joists are the same as for .
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~ Figure 77. Porch joists.

floor joists exccpt for providing adequatc drain-
age.

8-7. Porch Girders. Girders for porches are
required as part of porch framing to carry the
porch joists, just as main girders carry the floor
joists of a building. Because porch girders carry
only the weight of the porch floor and joists
(there arc no bearing partitions). there is no nced
to consider any load other than 40 pounds per
square foot live'load plus 10 pounds as a good
avergge ‘for the dead load. Redwood. cypress,
an dar arc suitable woods for porch girders
in any of the common grades. If any of the less
decay-resistant woods arc used, they should be
treated with crcosote or zinc chloride.

8-8. The length of porch girders should be

" sufficient to give at least a 3-inch bearing on both
walls and piers. Porch joists may rest on top of
the girders or be carried on Icdger boards. which
should be securely nailed. .

8-9. Porch Flooring. A porch floor covers
the joists and forms the wearing ‘surface. It should
be installed to resist the effects of moisture and
rainwatcr. You should wse matched flooring
strips, with the joints well sealed with whitc lead.
With the joints protected, thc Slope of the floor
will permit water to drain off rapidly. In arcas
where heavy snows are frequent, the flooring
strips are somctimes Jaid with a spacc of ¥ or V4
inch between each strip to allow the melting
snow to drain off more rapidly. Any softwood
species ordinarily used for flooring is suitable for

porch floors. If flat grain (or plain sawed) floor-,

ing is used, it should be kept well painted. This
will redue splintering caused by hard weay on
flat grain or plain-sawed flooring. N
8-10. Porch Posts or Columns. A porch post
or column is a vertical jember that rests on the
porch floor—or in sonCTc _casessyupon the pier

itself. Its purpose is to} support she roof over
4

the porch. and if it is decorative, it can add dig-
nity and beauty to the cxterior of a building.

8-i1. The placecment of the columns or posts is
morc a matter of good tastc and architecturc
than of any strength requircment; therefore, posts
or columns arc usually made much larger than
actually ncecded to support the load of the roof.
A 4” x 4" post or cven a 2” x 4” post, especially
if braced sideways by a porch rail, may be strong
cnough. However, this type of arrangement will
look flimsy and is not plcasing to the cye. For
this Teason, porch posts or columns are oftén
built up to give the impression of solidity. Figurc
78 illustrates built-up posts or columns.

8-12. Any commercial species of wood is suit-
able for porch columns or posts, provided it is
seasoned and properly painted. Built-up columns,
particularly round, are ordinarily purchased in
finished shape from the mill; nevertheless, they
should be selected for weather-resisting qualities,
cspecially the material for the base. Simple built-
up columns can be made up on the job site out
of dressed lumber. The base of a post or column
should be securely nailed to the porch so that
it won't move. The bottom members should be
carcfully installed to. permit water to run off
frecly and quickly, avoiding the tendency for
decay.

8-13. Porch Roofs and Ceilings. Generally
speaking, therc are three main types of porch
roofs: shed, gable, and hip, as shown in figure
79. The construction features and principles for
parch roof framing are the samé as for the rest
of the roof. A discussion of the procedures for
building the roof is presented in Chapter 3 of
this volume. If a ceiling is installed, it will usually
be of plywood or some type of tongue-and-
groove boards. Installation of the ceiling will be

D%go'
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done in the same way that interior finish is
applied to the cciling joists. TH#® procedures are
further explained in Clapter 4

8-14. Porch Steps. The approach to a build-
ing is important and, as far as carpentry is ¢on-
cerned, the steps or flight of stairs at the door or
porch should be given careful considgration. This
can be accomplished by answering these ,ques-
tions: Is it practical? Is it convenient? Is it sub-
stantial and docs it harmonize with the main part
of the building? Although outside steps involve
the same principles as stairstcps, you wi{ll find
differcnt considerations. also. The procedules for
cutting stringers and the details of stairway\ con-
struction arc discussed in €haprer 4, but we\yill
discuss the peculiar aspects of outside steps at
this time. .

8215, Outside stecps arc cxposed to the
weather and in many cases rest on the ground.
Becausc of their exposed location, stair carriages
and all other materials used should be sclected
with reference to resistance to .decay and inscct

vttack
8-16. The prmcipal consideration in placing
and crecting stair carriages is that some protec-
tion be afforded to avoid contact with the ground.
The bottoms should rest on somge sort of concrete
or stone foundation. It is good practice to pnmc
paint the surfaces of the carriages to protect them

is an opening between the trcad and the riscr.
It i also desirable to cut the -trcads so that a
slope of % inch is obtained. ThlS allows water
to_run off freely and-<is’ comnion pracucc for con-

TN ‘
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from mo:sturc, especially at the back where thcrc‘

‘GABLE ROOF
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Fif;urc 79. Porch roofs.

crete, brick, or wooden steps. Except under un-

usual circumstances, the rise per step should not

be morc than 8 inches. There are times when
5%2- and 6-inch riscrs arc used, but from 6%z to
7 inches makes the most comfgrtable step 1o
travel. There is no need for risers to be more
than | inch thick, but they should be cut in over
the trcad to prevent water from working through
the joints to the carriage below.

8-17. Although not a common practice, it is
practical to plow furrows on the underside of
trcads at intervals of 3 or 4 inches and about ¥4
inch deep. This will help prevent warping and will
allow the tread to lic flat when securcly nailed to
the carriage. Material 1% inches in thickness is
desirable for trcads. If matcrial thinner than this
is ‘'used. it will be subject to warping and will not

withstand heavy use. Treads should project 1 to’

12 iriches beyond the face of the risers to pro-
vide a pleasing finish, cspecially # the treads are
narrow.

8-18. You may also be required to build forms
for contrete. steps. Figure 80 illustrates one
method, for construcuonﬂ)f stair forms for stair-
way widths up to 3 feet. The sloping wooden
platform that makes up the form for thc nder-
side of the steps should be made of 1-in¢ ‘#
.and-groove_sheathing. .This panel shoul extend
about* 12 inches by jodd each side of the stairs
rto providé "a- support for the Stringer bracing
blocks. The back of the sloping panel should be

# shored up with 4 x 4's as shown. The 2-inch
cleats arc spaced on 4-foot centers. The 4 x 4
post should fest on wedges to make it possible

-89,

4

f




:

to remove the post without any difficulty. The
side stringers are made of 2 X, 12 lumber cut as
required by the tread and riser dimensions. The
piece forming the riser should also be 2-inch-
thick material, beveled as shown.

"8-19. Porch Inclosures, Inclosing of porches
with screen wirc is a common practice. In some
cases, framed glass is used for a large"Portion of
the inclosing walls. Where cold winds prevail,
wood or partial wood inclosures are oftcn used.

8-20. Inclosing a porch with wood is similar to
building an external frame wall, except that the
strength requircments arc less. The spacing of
frame members is greager, and sheathing is not
required. The knowledge which you have gained
in framing external walls should be sufficient to
enable you to build these inclosures.

8-21. Likewise, to frame an inclosure for glass
panels and to be able to install the panels or
sash, recall the methods and procedures which
we discussed concerning the rough framing for
windows and their installation.

8-22. Porch screens may be made in the shop
or at the job site. You may find places where the
area must be framed with studs and block bridg-
ing to form a fastening surface for the screen.
The screen is stapled to the frame, and-l4- x
136-inch batten strips are fastened over the
screen to help hold it securely to the ‘frame.

2"x12" PLANK

/190

8-23. Another large framing job consists_of
cutting the screcn frame in the shop and as-
sembling it at the job site. It is difficult to move
large screcns without breaking the joints or dam-
aging the screen, and you may find it necessary
to assemble them in the vicinity where they are
to be used. Framing is usually made with simple
joints, similar to those used in making window
screens. You may be able to divide a screen, say
18 fec®ong, into 6-foot sections and build them
in the’ shop. Where two screen frames butt to- .
gether, You will need to eithér make tight joints
or covér the joint with a batten, or both.

8-24. Placing the screen on the frame is an
casy task if you get it started straight. The wire
is woven with wires placed perpendicular to cach
other forming small squares. If you start fasten-
ing the screen at one end by alining one¢ of
these rows with the end of the frame, perpendic-
ular rows should parallel the edges of the frame
when the wire is stretched. Pull the screen tight
after the end is secured with staples or tacks.
Usc a small awl (tool similar to a screwdriver
but with a pointed end) or nail to pull the sides
of the screen into plage. After all edges are
nailed, stapled, or tacked in place, the molding is
nailed over the screen flush with the inside edge
of the frame. You can use a linoleum knife to
trim the screen wire flush with the outside edge
of the molding.
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'HOUGH THE roof of a building serves to
protect the building and its occupants from
“various forms of precipitation and cxtremes of
tcmperature, it is also important as a decorative
feature.

2. The primary purposc of thc roof on any
building is to shed rainwater and snow. The roof’
must be constructed to shed water as quickly as
possible; consequently, it should be sloped or in-
clined, although the most economical roof to
build is one which is nearly flat. In cold climates
snow may pile up gn the roof, and unless special
provisions arc made for holding such a snow
load, the roof may collgghse.

3. The style of thé roof is” important when

identifying a building”with the architecture of a -

certain historic period or of various- countrics.
In our country, straight lines scem to prevail.
4. It may be true that “you cannot judge a
book by its cover™; however, it is also true that
“first impressions are lasting impressions.” The
first impression of a building is largely influenced
by the exterior of the building, including the roof.
5. Most military stguctures are designed for
practical purposes rather than beauty. A building,
however, does not need to be ugly to be practical.
If you give the proper attention to construction,
a building can be both useful and attractive. A
few'of the common types of roofs apd the mate-’
rials used to cover thesc roofs ari discussed in

-

. this chapter. .

9. Roof Framing

9-1. The framing of a roof is probably one of
the most difficult jobs you will find in building
construction. Although roof framing does not
involve many complicated details, the fitting
together of the various members will be difficult

Wif each piece is not Igid out and ciit to the exact
size. It is important'that you be able to identify
and know how to properly frame these parts to
provide a roof that will serve the purpose for
which it is intended, such as a protection against
the cold of winter and thc heat of summer.
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Roof Framing and Materials.

9-2. Roofs can be classified according to their
shapes or by the way they are constructed and
supported. They may be of flat, pitched, sloped,
or curved shapes. Roofs that are supported on
exterior walls and at a ridge (or bear on some
intermediate point) are usually refprred to as
frame roofs. Other roofs that are truss or arch
supported and bear only on exterior walls, col-

- umns, or other trusses are called trussed roofs.

9-3. It is not necessary that the complete
building be covered with a roof of .on¢ type. In
fact, it is a common practice to use two types’of
roof framing and occasionally moreqon a struc-
turc. Further, you will probably recognize that
some types of roofs are actually combinations of
other simpler types.

9-4, Regardless of the type of roof, individual
parts and picces are required. We—will dideuss
the framing members in somegdetail in this chap-
ter, but at this point let's consider only those
which are most important. In the case of the
frame roof, the rafter is the main shape-forming
and load-supporting member. A truss has individ-
ual parts but can also be considered as a comfi-
plete member which serves the same purposes as

" a rafter. ‘ .

9-5. Types of Roofs. A few of the common
roof types, as illustrated in figure 81, are dis-
cussed in the following paragraphs. The simpler
designs are mbore often used, but the complex
roofs are explained because they are in eXistence
nd are usefyi for certain conditions. )

. 9-6. Flat roof. A flat roof is very economical
to construct because fewer materials are required.
The surface of this kind of roof lies along a
straight line from one wall,of the building to
another. Flat roofs are usually supported by a
truss, but in some instances large solid beams may
be used. A parapet wall is usually constructed
with flat walls, as shown in figure 81. ’

9-7. Shed or lean-to roof. This is one of the
simplest types of roofs. It is normally used for
small sheds, porches, or other places where ap-
pearance is not # matter of great importance.
When it is de%able to obtain shclter as: ch’eapily

I ‘
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: 9-14. Roof Framing Terms. Roof construction

¢ requires the use of terminology, or a set of names,

’ all its own. These names, or terms, must be
learned and understood before you can proceed

. - comtionly used on small houses. The pitch or

PARAPET WALL two adjacent sloping sides meet is called the hip.

R N A rectangular building with a hip roof has a ridge. ‘
A squarc building is framed with the hips mecting
at the highest point.
9-10. Gambsel roof. A gambrel roof is similar

FLAT ROOF WITH SHED ROOF to a gable roof,” except that it has a combination
PARAPET WALL steep -and shallow slant instead of the straight’
VALLEY, RIDGE rafter. This type of framing provides more inside

GABLE * space than the gable roof.

P
LEAN'\TO w 9+l 1. Mansard or curb roof. This type of roof
] combinces the framing and appearance of the hip
- - . and gambrel types.
SHED LE N-TO GABLE ROOF 9-12. Deck roof. A deck roof consists of a flat
deck with steep slopes on cach side.
Rmci., HIP 9-13. Intersecting roofs. Intersecting roofs are

formed whenever the ridges of two separate -roofs
are at an angle to each other. The two roofs
may be of cither the gable or the hip type, with
> the ridges at the samec level or with one ridge
GAMBREL ROOF lower than the other. The line where the two
sloping surfaces megt is called a valley. Intersect--

DECK ing gable roofs are illustrated in figure 82.

HIP ROOF

MANSARD OR . DECK ROOF with the framing of a roof. You will have a ful!er
CURB ROOF underst_anding of these tesms later, but the initial
. discussion of their meanings at this time will assist
Figure 81. Common roofs. . you in learning the procedures for roof framing.
Study these explanations and definitions thor-

“and easily as possible, the shed roof may be wsed.  oughly. .
The shed roof consists of a plain surface with 9-15. Ridge. The ridge j ighest horizon-

one side or end raised to a higher Jevel than  tal roof member which h Ips to aline the: rafters
the other side or end.” The roof is supported in~ and tie them together at the upper end, as shown
this position by means of twoposts on one side  at ‘A of figure 83. The
and a wall, against which it leans, on the other  form the ridge may be/of 1- or 2-inch finished

side. It may also be supported by posts at all four lumber. However, it is fusuaily of the thickness of
corners. The position or slope of the surface

nables water to freely drain at the lower side. T ——"

9-8. Gable roof. Gable roofs have two sloping 2 :
surfaces, one on each side of the centerline of
the building. These two surfaces form a gable
as they come together in the middle of the roof
at the ridge. Because of its~simple design -and”
low cost. of construction, the gable roof is most

incline of the gable roof may be varicd from
an almost flat surface to an extremely steep slope.
The gable roof can be used in combination with
other types and has often been the base of other
roofs. This makes it difficult to -distinguish the
simple gable roof from other types which are
often added to traditional roofs.

9-9. Hip roof. Hip roofs have four sides, all
sloping upward toward the center of the building ,
and terminating at a ridge. The linc where the ’ Figure 82. Intersecting roof.
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Figurc 83. Roof framing terms.

the rafters and as wide as the cut on the end of
the rafter. - .
9-16. Plate. This is the wall framing membsr

that rests on the top of the wall studs. You will+

remember that we referred to it as the top plate
in Chapter 2. We will sometimes call it the rafter
plate, becausc it is the framing member upon
which the rafters rest. B of figurc 83 illustrates
the location of the plate with respect to the raft-
ers.

9.17. Rbflers. Raftegs are the sloping structural
timbers of a roof which are designed fo support

_“the: roof loads. Common rafters extend from the

ridge to the plate, as shown in C of figurc 83,
and form the major portion of most frame roofs.
They are to a roof what the joists are to a“floor
and what the studs are to a wall. In the construc-
tion of rMbfs, different kinds of rafters are used.
These other kinds of rafters will be discussed a
little later in this chapter. .

SQUARE END
h TAILCUT

® :

! . Figure 84. Cuts on bottom end of rafters.
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"9-18. Overhang. Often referred to as the look-

out or tailpicce, the overhang is that portion of a .

rafter cxtending beyond the outside edge of the
platg,or. walls of a ‘building. When laying out a
rafter, this portion is an addition to what is con-
sidered the length of a rafter and is figured sepa-
rately.

9-19. Bird's mouthy The bird's mouth is a cut-
out ncar the bottom %f'a rafter which fits over
the top plate, as shown at B of figure 84. There
arc other cuts for fitting a rafter to the plate, but
this is a very common prosedure. Notice on the
illustration that the cut which fits' the top of the
plate is called the scat, whereas the cut for the
side of the plate is referred to as the heel.

9-20. Plumb and horizgyal lines. A plumb
line is one that would be ﬂncd by the cord on
which a plumb bob is hung: A horizontal line is
one which s level with the foundation of a build-
ing. In cuiting roof framing members, such as

-PLUMB CUT
" (HEEL)

LUMB ENO
TAILCUT
COMBINATION

LEVEL AND PLUMB
TAILCUT

©

I3




-

SHORTEMIMG

‘ (QAFTEQ

r
’

ORIGIJAL PLUMBS
LINE AT RIOGL

. RAFTER TSTOCK

Figure 8S. Rid!e cut.

rafters, you will often nced to jmagine the direc-
tion of these lines when making plumb cuts or
horizontal cuts. Notice that the “heel and tailcuts
of the rafters at B and C of figure 84 and the
ridge cut of figure 85 are along an imaginary
plumb line. Likewise, you Wwill notice that the
seat cuts of B and C and a portion of the tailcut
of C on figure 84 are level, or horizontal. The
same angle relationship must exist when you are
laying out a rafter from material resting across
sawhorses. If you will lcarn thesc relationships
of lines and use your imagination well, you will
. expetience little difficulty in building roof frames.

9-21. Span. The span is the spread of the roof .

or the distance from outside to outside of the top
plates of the building. This span distance,
shown on figure 86, is always given on the blue-
prin&s. The span measurement can also be fougd
by measuring the actual distance between th
outside walls of the building under construction.
9-22. Run. The run is measured from a plumb
line through thé center of the ridge, or highest
point of the rafter, to the outer edge of the plate,
as illustrated on figurc 86. With roofs of equal
slant—as in the gab; roof with the rafter plates

at the same height—the run is equal to one-half
the span, or one-half the width of the building.
9-23. Rise. The rise of a rafter is the vertical,
or plumb, distance that a rafter extends upward
from the® plate. The rise can be measured verti-
cally from an imaginaq line, connecting the top
of the plates to the ridge, as shown. in figure
86. The rise is seldom shown on a drdwing or
blueprint of a building, but it can be found by °
scaling the drawing or by computation.
9-24, Basic triangle. The basic principle in-
volved in roof framing is the right triangle, shown
in figure 86. The base of shis triangle represents
level, or horizontal, lines of roof'\measurements.
The altitude represents the plurgb or vertical
lines of measurement, and the hygotenuse repre-
sents the length of the rafters. When framing a
roof, the basic right triangle, is formed by the run,
the rise (or altitude), and the length of the rafter
(the hypotenuse). Any part of tHe triangle gan be
computed if the other two parts are known. Use
the equation which indicates that the square of
the hypotenuse of a right triangle is equal to the
sum of the squares of the two sides. By stating
this formula in roofing terms, the following is a

RIDGE
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better form of the equation: Raftcr length? =

v

run® + rise2,

9-25. Pitch. Pitch is a term which is used to

rafters. They are so named because they are com-

mon 1o all types of roofs and are used as the

signify the amount that d roof sfants. Units, or

amount, of pitch are’ expressed as ratios. There
are two methods of indicating pitch. Using the
first method, the pitch is indicated as a ratio of
the rise to the span of a roof. This ratio is stated

as a fraction, as shown in A of figure 87. The = -

units_ of span and rise must be the same (inches
or fcet), and the fraction is reduced to its lowest
common denominator. With the second method,
pitch is stated as the ratio of rise (in inches) to
(or per) 1 foet-ef-spari (12 inches). Using this

method, 4, 6, or 8 inches rise per foot of span
a pitch of 4-12; 6-12, or 8-12, as

would give

shown in B of figure 87. Further examination of -

figure 87 shows that a roof with ¥4 pitch can also

be said to

have 12-12 pitch.

low or valley.

rafters:

basis.for'laying out other types. of rafters.
9-28. Hip rafters. Roof members extending di-

. agonally from the corner of the plate to the
ridge, as shown at D of figure 83, are known as
hip raftgrs. The hip rafters form the ridges or hips
where adjacent slopes of the roof meet.
9-29. Valley rafters. Robf members extending
diagonally from the plate to the ridge at the line
of intersection of two roof surfaces, as illustrated
at E of figure 83, are known as valley rafters.
The valley rafter is so called because it is located
where adjacent roof slopes meet to form a hol-

9-30. Jack rafters. Jack rafters are.a part of a
commen rafter. There are three kinds of jack
the -hip jack, the valley jack, and the -

cnpplc jack. Two of these are shown at F-and G

9-26. Rafters. There are four types of rafters:
the common, hip, valley, and jack.

9-27. Comman rafters. The framing members .
which extend at right angles from the plate line
to@e ridge of the roof are known as common

~

in figure-83. T

ip jack rafter extends’

from

. the plate to tHfe hip rafter, whereas the valley

jack rafter exfends from the -ridge to the valley
rafter, A cripple jack rafter extends from a hip
to a valley rafter. This rafter is also part of a
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common rafter but touches ncnthcr the ndgc of
the roof nor the rafter plate.

9-31. Laying Out Raiters. There, are several
‘satisfactory methods for finding the length of and
laying out rafters. We will 'discuss three of these

methods which are often used 1f.at a later time -

you find that another “method ‘seems ®asier for
You, do not hesitate to use it if correct work re-
sults. |

9- 32. Basic triangle method. With'this method
of determining rafter length, the rafter is consid-
ered to be the hypotenuse of a right triangle, as
shown in figure 86. The vertical side of the tri-
angle is the rise, and the horizontal side is the
‘run. Let’s assume that the rise of ‘the roof, shown
in figure 86, is 9 feet and the span is 24 feet.
Using the.equation for the basic triangle, we can
solve for the rafter leagth, because the length

of the sides of the triangle is known or can be

determined. Although the run distance is not
given, it can be determined as 12 feet (4 of the

span). By substituting values, we find that. rafter .

length? = run? (12 X 12 = 144) + rise®’

(9 X 9 = 81). By further computation, it can be

seen that the rafter length = \/ 144 + 81 = 15
feet. Therefore, the length on the rafter, from
“the ‘point on the ridge to the point at the outside
of the plate, is 15 feet.

9-33. If the rafter has an overhang, the addi-
tional Jength must be computed. The amount of
overhiang is usually given as the horizontal dis-
“tance from the plate to the end of the rafter. If
this distance is known and the pitch of the roof
is given, the rise can be computed. When the
horizontal (run) and vertical (rise) measurements
of the overhang are known, the additional rafter
“length can be computed by using the basic tri-
angle equation. To find the total length of the
rafter, discussed in the previous paragraph, let's
compute the amount of additional rafter length

requiretl if the overhang is to be 1 foot and 4

inches (16 inches), as shown in figure 88. First,
we must determine the pitch of the roof, using
dimensions ngcn in the previous paragraph. By
dmdmg the rise of the roof in inches by the run
in feet, we find the pitch: P = rise (9 X 12) =+
run (12) = 9 inches per foot (or per 12 inches)
= 9/12. Now, with the pitch known, we can
find the amount of rise (in inches) of the ‘over-
harig along a horizontal distance (run) of 16

inches. Solving for rise with the equation just

used, the equation appears as: Rise (in inches) =
pitch (expressed as a fraction) X run (in inches).
Then, the overhang rise = pitch (9/12) X run (16)
= 12 irches. By placing these values in the basic
triangle equation, we find: Rafter length (additional)

= yrun® (16 X 16) + rise2 (12 x 12) =20 .

inches. Therefore, the total length of the rafter

»
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Figure 88. Additionll rafter’ length for overhang.

equals 15 feet plus 20 inches, or 16 feet and
8 inches.

9-34, Framing square 1able method. Another
method of determining rafter length is to use the
rafter table which is locatéd on the blade of many
framing squares. The tables are-laid out similarly
to the tables used for board measure that are

located on the opposite side of the blade of the

square.

9-35. If your square has a rafter table, as
shown in figure 89, the number given represents
the length of the rafter per foot

foot (12 inches) of Tun is assumcd S
rise (in 19chcs) is neéded to find the ‘rafter

- length per foot of run. If a rise of 10 inches per_

foot of run and a run of 6 feet is assumed, you
will' first locate the 6-inch mark on the blade.
This 6-inch mark represents 10 inches per foot
of rise. Just below the number 10, the number
1562 is shown. In this case, the '62 indicates
hundredths of an inch. The number 1562 repre-
sents the length of a common rafter having 0
inches of rise, and 1 foot of run. You may use
this number in two ways to find the length of the
rafter. You can multiply 15.62 times the number

of feet of run, or you can set a pair of dividers

with 15.62 inches between the points gnd step
off the same number of steps on the rafter as
there are feet of run. In the example there is 6
feet Of run, so the rafter length (in inches) would
equal 6 times 15.62 (6 x 15.62) = 93.72
inches, or approximately 7 feet 934 inches).

9-36. The additional rafter length required for .

an overhang may be found separately by using
the framing square tables. You will use the pitch
of the roof and the run of the overhang (in feet).
The total length of thie rafter niay also be found

3
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Figure 89. Framing squ‘;re rafter table.

by first.adding the run and ris¢ of the overhang
to the run and rise from the plate to the ridge.

9-37. Framing square step-off method. An-
other method of rafter layout is to usc the square
to step off the measurement. You will usc the
rise (in inches) on the tongue of the square and
the 12-inch (! foot) mark on the blade. The
measurements on the outside of the blade and *
tongue are best used, and a marker may be used
1o indicate the applicable numbers. When using
this method, hold the heel of the square withlr'the
tongue pointing away from you, and the blade to
your left. Although it makes no difference at
which end of the rafter you start, we will start at
the upper (ridge) end to cxplain th)l)rocedurcs
of stepping off a rafter. .

9-38. Assuming that the pitch of the roof is
5-12 and that the run of the rafter is 6 feet, you
place the square near the end of the rafter mate-
rial, as shown in figure 90. The S-inch mark on
the tongue and the 12-inch mark on the bladd
are located on the lower cdge of the rafter. A
mark along the outer edge of the tongue will lay
out a vertical line for the plumb cut as shown by
position 1 on figure 91. Remember, all marks
along the tongue indicate vertical lincs, and -all
marks along :he blade ifdicate horizontal lines as
viewed after the rafter “is- raised into position.
Make a thin mark or knifc cut on the rafter
* wherc the outer edge of the blade meets the ma-
terial. This completes position, or step, .

9-39. Slide the square along the edge of the
rafter until the S5-inch mark on the tonguc meets
the edge of the raftgr at the point marked in the
first step. Mark’ the’ rafter where the 12-inch mark

? P
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» Figure 90. Positioning of square t' step off a rafter.

on the blade meets the lower edge of the mate-
rial. This completes step two. For a 6-foot run
you nced to make six steps, so repeat step two
as indicated by positions 3, 4, 5, 6, and 7 in
figurc 91. The point marked by step 6 is the
length of the rafter, but step 7 is necessary to
mark a vertical linc that indicates the outer edge |
of the top plate. ‘ '

9-40. If an overhang is to be laid abit on the
rafter. 1t can be marked with the square in posi-
ion 7. For instance, if the overhang is 12 inches,
thc end of thé¥rafter would be at the point where
the blade mects the cdge of the rafter material.
If the ruh of the overhang is some other distance.
make a mark on the naterial where the measure-
ment of that distance is indicated on the blgde.
Then. réposition the squarc. as in the previous
steps. with the cdge of the tongue on the mark
just made. A vertical line marked along the
tongu¢ will indicate the bottom cnd of the rafter
where the line meets the bottom cdge of the
material.

9-41Y Ridge cuts. If the rafters on both sides
of a roof arc nailed to cach other, the mark for
the ridge cut is made along the square in position
1 of figurc 91. However. a ridge board is usually
placed between the ridge cuts. and the rafters arc
nailed to the ridge board. The ridge board may
be of material which is cither | or 2 inches in
thickness. Regardless of which material is used.
onc-half of the thickness must Be subtracted from
the rafter length. as shown in figurc 85 and at A
of figurc 91. This is done by measurigg a distance
cqual to onc-half of the ridge board thickness
along a linc which is perpendicular to the original
plumib line. The ridge cut is then made along a

, linc through the measured point™and parallel ta

the original plumb line, or ridge cut. Cross out
the old linc to avoid making an crror in cutting.

9-42. Tuail cuts. Rafter tail cuts may be made
in many different ways. Some of the more com-
mon cuts arc shown in figures 84, 86, and 92.

You will notice that all of the cuts are either, .

vertical, horizontal, or a combination of vertical’.
and horizontal. To mark these cuts. place tHe
squarg in the same way cxplained when stepping.’
off a rafter. ' -
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9-43, At A of figure 92, the vertical tail cut
1s marked along the tongue of.thc square, even
with the outside of thg plate. This rafter has no
overhang. You will notice also that the scat of
this rafter must be marked horizontally along the

_blade of the square. At B of figurc 92, the tail

cut is marked vertically at the end of a 12-inch
overhang, whereas the cut shown at C of figure
92 is marked horizontally. D of figure 92 illus-
thates the marking of a combination vertical and
horizontal tail cut on the overhang of a rafter.
Other cuts may be marked with the square, using
the same methods.

9-44. Bird's mouth. You will mark and cut a
bird’s mouth §n a manner similar to that for
-marking tail cuts. The cuts may be of any depth
which is not greater than onc-half of the width
of the rafter material. However, the common
depth is 1% inches, or one-half of the thickness
of a doubled top plate. :

9-45. Refer to detail B of figurc 91 and as-
sume a 5-12 roof pitch for the following example
of laying out a bird’s mouth. A line drawn along
the outer edge of ‘the tonguc in position 7 will be
a vertical line, indicating the outer edge of the
top plate. Leave the square in this position and
mark the depth of the bird’s mouth. For this
example,' a. double 2 x 4 top plate calls for a
bird's mouth with a depth of 13 inches. The
S-inch mark on the tonguc is already on the
lower edge of the rafter, so you can mark a point
on the rafter material at the 6% (5 ‘+ 134)-
inch mark on the tongue. This measurcment is
made at this time to avoid the common error of

. B ’
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mcasuring straight across the rafter instcad of

following the vertical line. By leaving the square ,

in place at position 7, you will follow the correct
linc for measuring thc depth. Now, slide the
squarc back to position 8, which is to the right of
position 6. In this position. the blade crosscs the
depth-indicating. point on the material. Make a
line across the blade to indicate the cut for the
scat of the bird's mouth. This seat forms thc part
of the rafter which rests on the top of the
plate.

9-46. This completes the layout of the com-
mon rafter pattern. Before cutting the rafter pat-
tern, it is advisable to cross out all lincs on the
rafter pattern stock except thé marks needed for
making the cuts. This precaution helps to prevent
errors when the various cuts are made. A cross-
cut handsaw should be used to cut the rafter
pattcrn. When the rafter pattern has been cut, it
can be used for marking the remaining rafters. If
the cuts do not leave inside angles, you can save
considerable time by using a power handsaw to
cut thege rafters. Where the cut to be made forms
an inside angle, as in A arid B of figtre 84, you
may usc both powersaw and handsaw. The circu-
lar shape of the powersaw blade does not leave
a straight cut through the board; therefore, after
sawing to the intersection of the marks with the
powersaw, 4ou must finish the cut with a hand-
saw.

9-47. The layout and cutting of other types of
rafters are done in a similar manner, using the
same principles. Always remember that every cut
is along either a vertical or a horizontal line.

T
MEASURE I

PERPENDICULAR
TO LINE OF CUT

K‘. '

RIDGE PLUMB CUT

Figure 91. Step off r?ﬂer layout. -
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N Figure 92. Rafter tail layout.

Ask your supervisor to assist you when complex
problems arise.

9-48. Spacing and Size of Rafters, Now that_
we have examined the principles of laying .out
a rafter, let’s discuss the spacing and size of the
‘raftets. ‘ 5‘ .
* 9-49. Spacing. Since plaster and other interior
finishes are not generally applied to the ‘under-
sides of rafters, it is not necessary to adhere to
the 16-inch spacing standard with joists and studs.
Spacing is determined by the stiffness of sheathing

60

between rafters, the weight of the roof, and the
rafter span. Spacings from 16 to 24 inches are
common. Steep roofs may require additional
strength to withstand high wind velocities.

9-50. Sizes. The size of roof rafters will de-
pend upon three factors: the span, the weight of
the roof material, and the snow and wind loads.
Generally, rafters are made of either 2 x 4's,
2 x 6's, or 2 x 8s. It is particularly important
that they be straight, of good material, and large
cnough to stay that way. A sagging roof will not
shed water and snow properly. <

9-51. Nailing. The following recommendations
arc made in conhnection wnth nailing, plaeing, and
anchoring rafters:

® The rafter should be notched over and
should have a good bearing on the plate.

¢ Whercver possible, ceiling joists should run
across the building to connect the base of
the rafters at or near the plate. )

¢ A ridge board should be provided to aid in
«the erection and alinemeént of rafters.

- ® Be.sure go provide adequate bracing from

rafter to rafter and from rafters to ceiling
joists.

952, Nallmg, espccxally of ceiling joistspo raft-
crs, is 1mportant if there is not much slope to
the roof. The nailing at the ridge is not of great
structural importance. Its chief function is to
. hold the rafters in position dusing construction.

VIt is ‘not uncommon to assemble the rafters on

onc side of a ridge board first and nail through
the ridge board into the rafters, using 16d com-
mon nails, The rafters on the other side are then
sct into place, either toenailed against the ridge
board or slightly offset with respect to the rafters
opposite. This permits nailing through the ridge
board from both sides. The latter method is pref-
crable. The only objection to this procedure is
that it may look a little unworkmanlike. But it
probably makes a betfer job if the offset is just
cnough to permit thorough nailing. Where a ndgc
board is not used, the two rafters which join at
the ridge are somctimes assembled with inter-
connecting braces on the ground. After assembly,

. they are hoisted and placed on the plates as a

unit. Regardless of the method of placingg the

rafters must be securcly fastened to thc plates.”

Onc 16d or 20d -nail can usually be driven from
the top of the rafter through the seat cut into the
plate. At least one additional 16d nail should be
toenailed from cach side of the rafters into the
plate. When possible, place rafter to ceiling joist
braces over bearing partitions. These braces may
be of either 1-inch or 2-inch material, depending
upon the strength required.

\9-53. Now that we helvc studied rafter layout
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and iiistallation, we willr cxamine somg special

roof framing. ” . . .
9-54. Dormers. Any type of window protrud-

ing from a roof is called a dormer. Its purposc

may be to provide light on the upper floor or to’

add to the architectural effect of the building. It
may be considered 2 minor roof in coi'%parison
with the major roof span. In some cases, dormers
may be constructed to improve the exterior ap-
pearance of the building and to provide addi-
tional space in the interior of the building. A
dormer may be built up from the level of the main
roof plate or from a point above the plate. The
front wall of a dormer may_be set back from the
main building line, it may project beyorid it, or it
may be flush with the bSilding line.
9-55. In many instances, dormer roof surfaces
*are of the same general shape as thosc of*the
main roof. The dormer docs not neccssarily have
to carry out th® main roof lines unléss it is built

for appearance only. Dormers constructed for

the purpose of providing additional space within
the building are generally of ,‘th‘e style that will
provide the most hcadroom. The plate line of the
dormer may be raised above that of thc main
roof so that additjonal headroom is provided.

9-56. Figure 93 shows the appearance of a
shed dormer. The rafters for a shed dormer arc
laid out and spaced the“same as a common rafter
of the maia 700f, using the rise from the top of
the dormer plate to the top of the hcader be-
tween the main roof rafters. The run of the rafter
is taken from the outside of the dormer platc to
the front face of thc hcader. .

9-57. Figure 94 illustrates a gable dormer.
This type of dormer sheds rajh and snow in two
directions, and is often ,used in preference to a
shed dormer®When it is necessary tdprovide morce
pitch or to carry out the general lines of the main

.
<

Figure 93, Shed dormer.

Figure 94. Gable dormer.

roof. The rafters for this type of dormer are
laid out in the same manner as the common
rafter.

9-58, Framing for Roof Opeftlngs. Chimney
holes, hieating and plumbing openings, skylights,
and scuttles are framed in roof rafters in a man-
ner similar to that for openings in floor joists.
The hcaders “between the rafters are placed so
that their faces are plumb. The opening in the
roof rafters is located by plumbing up from the
facc of the headers and trimmers of the openirg
1n the floor joists and by placing headers between
the rafters, as shown in figure 95. When a
chimney hole, a scuttle, or a skylight is to be
located, a plan of the opening can be drawn full
size on the attic floor. The points showing the
inside dimensions of the opening are then plumbed
up to the rafters or to boards temporarily nailed

fo the roof.

9-59. Gable and Hip Cuts of Frame Members.
So far we have discussed rafters and rafter prob-
lems. This information can also be applied to
other work. Figure 96 shows some gable sec-
tions with a square placed on them to remind you'
of other uses for*the square. You use the pitch
numbers on the tongue and blade of the square

" just as you did for rafter layout. You placg the

square’on a piece of siding just as though you
ere going to make a square cut across it. In this
position the inside edge of the blade is flush along .
the bottom edge of the board, and the tongue
cxtends across the board. Place one edge of
a straightedge in line with your pitch . numbers
(let’s use 5 and 12 again) and ‘hold it securely in
place, Make a mark along.the straightedge to

*

make a djagonﬂ line across the piece of siding. .

When you cut the board on this line, it will fit
in a gable and match the slope of the roof having
a 5-12 pitch, as shown in figure 96,A.

' 9.60. A gable stud can be,laid out by placing
the inside edge of the tongue on the edge of the
material and letting the blade extend across the

-
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material as though you werc going to mark a_
square cut. Place one edge of a straightedge in
line with the pitch numbers and make a mar
across the material to indicate a diagonal c
that will match the slope of the rafter, as shown
in figure 96,B.

9.61. Figure 96,C, shows the layout for a
louver. The square is used té mark end cuts on
the” gable studs, headers, and sxdmg, or on any
part of the louver.

9-62. Figure 96,D, reminds you again that’"lZ‘
is always tfic constant number that rcTrcsenls the
run when you are laying out common rafters, or
studs and siding that are placed against them.

" A hip-or valley rafter extends diagonally from a
top plate-and is longer than a common rafter in
the same part of the roof. To make up this
added length and still retain the same number of
steps of the square ir layout work, you always
use 17 inches on the blade to represent the run.
Compare these measurements in figure 96,D.

. 9-63. So far in our discussion we have re-

” mained with the problems in light frame struc-

~tures. Let's look at some of the' problems in
heavier frames, where trusses are used to sup-

*port roof loads. .

9-64, Trussed Framing. Trussed framing is
gcncrally heavier than rafters and is used over
long spans. Some common types of trusscs arc

. . B ‘ ‘~

.shown in figurc 97 to help you establish the lay-
out of members. All truss framing is designed with
wind pressure and sfiow’loads considered, as is
cvidenced by the braccs fwebs) uscd in the
trysses. j

* 9-65. The Pratt truss, shown¥in figure 97, is
commonly used for long spans of up to 120 feet.
The bowstrmg truss ‘is generally found in small
hangers, warchouses, and recrcational buildings.
The Fink, scissors, and rclated types of trusses

ara used where the span is short, usually 60 feet

-or lesd. They arc found in recreation, chapel,
subsistence, garage, barracks, afd: similar _types
of structures. :

*  9-66. Truss parts. The parts of a truss usu-
ally consist of an upper chord, lower chord (hori-
,zg\ntal supports). and vertical and diagonal webs
(Detween ‘chords). The wood members are fas-
tened together with bolts. Timber connectors, sim-
‘ilar to those shown in_figure 98, are seated be-
tween the framing members. A special cutter
similarto a hole saw is required to seat the split-
ring connector into the face of a chord or web.

9-67. Purlins. Usually when trusses age used
}’o support a roof, they are spaced at much

.
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10-2. Whether ordim.ry rafters or trusses are

- PRVANN A used for framing a kbof and regardless of the.
‘ type of covering instplled, some type of shesthing
SIMPLE FINK . or decking must be ﬁrtt placed over the frame,
‘ ) ) In general, you may use the same type of 1-inch
N boards or plywood for roof decking as is used
oA N . A for subficoring and ‘wall sheathing. The boards
FINK - . WARREN are usually instalied & the rafters or other
similar framing members. e decking should
/m - have good nail-holding characteristics and must
ESEBZZ] ' be well nailed, since the roof covering is nailed
“to the decking rather than to the frame mem-
. ber. With certain types of roof-covering ma-
. o ] terials, a particular type of decking may be
PAN specified. ;
. 10-3. Let’s examine the procedures: for install-
TRMNGUE'AR PRATT V \l ing each of the types of roof coveringa i‘xll some
: detail. After you have a good understanding of
‘éﬂzzé. . these procedures, you will be prepared for our

% *discussion of methods for maihtaining roofs,
> HOWE BOWSTRING ‘10-4. Rolled Roofing. Rolled roofing is com-
’ ) ¢ - monly used for temporary construction because it
) Figure 97. Trusses. | is inexpensive and easily installed. It is a com-

) positiop material which comes in rollsabout 3 feet

greater intervals than ordinary frame rafters. widr\,JI’Id in various lengths, depending on the
Often these intervals are from 10 to 20 feet. In thickness of the material. Rolled roofing usually
- these instances, purlins formed of metal beams or weighs 90 pounds per roll, A can of lap cement
heavy wooden timbers are used to bridge in be- (aspRalt tar) and a package of roofing nails are

tween the trusses, as shown in figure 99, Further usually included in the center of each roll.

- framing may be installed over the purlins? This 10-5. The various brands, composed ‘of either
framing is ordinafily of 2-inch lumber and is in- paper, felt, or asbestos, are all saturated with
stalled like ordinary rafters. some type of waterproof compound. The exposed
- 9-68, Now that you have a knowledge of the
principles and procedures concerning roof fram- M .
ing, we will proceed to the subject of roof cover- '!, :a T #
ings. It is certain that more maintenance is re- £
quired to keep the surface of a roof in good SPLIT RING SINGLE CURVED

" condition .than is required for the framework. GRID
However, if the covering should leak for any
extended period of time, the framework will LANGED CLAMPING v
deteriorate also. e ( PLATE
10. Roof Covering Materials MALLEABLE
and Accessories . FLANGED SHEER w CLAW PLATE
10-1. Roof coverings are intended to shed wa- PLATE TOOTHED RING
ter from a roof surface and prevent moisture from ‘e‘ ) > —
entering the building. There are many.types of 0_. . PR G g
materials uséd. Some of the materials are in- \/::V . .
tended to last less than 10 years, whereas others CLAW PLATE PRESSED STEEL
‘may be expected to last longer than the exterior WITHBUT HUB FLANGED PLATE
wall coverings and trim, Of the available types, DOUBLE CURVED
. the military services use rolled roofing, asphalt ﬁ GRID efedd,
shingles, built-up roofing, asbestos, slate, and tile A
for covering the roofs of their buildings and ‘ A
structures. In some cases, you may find wood FLAT GRID - FLAT CLAMPING PLATE
shingles in use, but these are usually replaced, as , . ) .
repair is required with a fireproof type. Figure 98. Timber connectorm ’
- : ‘ . ~
. e
~
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Figure 99. Trusses connected by purlins. .

surface has a coating of either slate, sand, mica,
or some similar material which helps prevent
damage from hot sparks or l?at from the sun.

10-6. Rolled roofing must always be stored
standing on. end to prevent shifting (rolling) and
puncturing the material. Ordinarily, rolled roofi ing
would fiot be used on a roof where the slope is
less than 2%2 inches per foot. It should be in-
stalled when the weather is clear, the temperature
is at least 50° F., and the surfaces are completely
dry. The roof deck must have solid sheathing of
sqund lumber. Knotholes or loose knots must be
covered with sheet metal. Nails which extend

above the roof must be driven flush with the sur- ]

face or removed completely to prevent punctur-
ing the roofing when it is put in place. :

10-7. Rolled roofing must be installed in.

courses, or rows, starting at the eaves and work-
ing up the roof, The roofing material must éxtend
approximately 2 inches beyond the sheathing at
the gable edges and at wi: caves. This allows the
roofing to be turned down ncatly for water drain-
age. Roofing nails spaced approximately 6 inches
apart will be driven though the roofing into the
edge of the sheathing boards. The applicaticn of

wooden strips, as shown in figure 100, is speci-
fied for extremely windy areas.

10-8. The top edge of each strip will be nailed
with toofing nails, driven through tin or fiber
discs. *

10-9. Each strip must overlap 4 inches on the
preceding strip. The lap must be cemented with
hot asphalt or cold applied sealing compound
and securcd with roofing nails. The nails should
be spaced 6 inches apart.and 2 inches from the
edge, as shown in figufe 101.

10-10. In order for you to, safeguard against,

wind damage, the ends of the strips of roofing
w

APPLY wOOD STRIPS
ONLY WHERE SPECIFIED

Figure 100, Applying wood srips.

Figure 101, Spaci'nu of nails,
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Figure 102. 6vcrlappx'ng ends of rolled rodfing.

, [ '
should be lapped a minimum 9& inches in the
direction of the prevailing wind, as shown in fig-
uze” 102. The end lap should be sealed with, lap
cement and fastened with roofing nails spaced a
minimum of 6 inches apart and approximately 2
inches from the exposed cdge. A
10-11. The ridge and hip should be covered
with a double layer of roofing material, and each
layer:cemented and nailed every 6 inches on both
slopes. Although the piedes used for covering
the ridge or hip must extend do\'n each slope 4
inches, they are usually cut 12 inches wide.
10-12. “You should follow the manufactucer's

instructions, packed in each roll, regarding the °

installation of rolled roofing when other specifica-
tions are not available. ‘

10-13. Asphalt Shingles. Two types of asphalt-ﬂ'

strip shingles have been accepted as standard for
roofing mobilization-type buildings with sloping
roofs. Ogé of these types, shown at the top of

figure Y03, is a standard-weight, four-tab, 10” x.

36" shingle intended for a 4-inch maximum ex-
posﬁrc. 'D(c\ other type, shown. at the bottom- of
figure 103, is a thick-butt, three-tab, 12" x 36”
shingle intehded for a S-inch maximum exposure.
Asphalt shingles are purchased by weight from
210-235 pounds per squarc. A square is the
amount of roofing material needed to cover an
atea df 100 squygy feet. )

10-14. When re installing asphalt shin-
gles, a'starting stri be applied at the caves
This starting strip ve granules of the same
type and colot as the shingles. When shingles hav-
ing a different color on the bottom part are used

- 4s a starter, they must be applied with the cutouts
“toward the roof top and the first course doubled.
/The cutouts on the exposed course gre centered
. on the tals of the under course, with the cutouts
in each_alternate course directly in line. The
joints between courses-are staggered by starting
the first couese with a full shingle. The next threc
courses are started with shingles one-half tab
shorter thran each preceding course, as illustrated
in figure 104. The edge of the first shingle in the
first course is flush with the side of the roof, anq

L 4
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the tabs project approximately ¥ inch below the
edge of the sheathing. The Sides of the shingles
at the edge of the roof are cut off flush with the
tab. To complete each course, full width shingles

‘ate applied so that the ends garcly touch each

other. ;!e'y portion of the shingle cut off to start
a course’can often be used at the opposite edge
of the roof to complete the course,

10-15. Two galvanized roofing nails are placed
approximately % inch above each cutout and in
the same Yelative position at each end of the
shingle, as shown in figure 105. Nailing will start
at one end of the shingle and proceed regularly
to the other. Care must be taken to keep the butts
alined with the top end of the cutouts~in the
course below. When laying thjck-butt shingles,
always nail through the thick portion. Practically
all difficulties experienced With this type of shin-
gle haye resulted from nailing too high on the
shiigle! In windy areas the tabs,are often ce-
mented down. :

10-16. Ridges and hips are finishted with in-
dividual shingles provided by the manufacturer,
with single shingles cut from strip shingles, or

[, 3‘" |

N
/%

-

-
1

.




Figure 104. Placing of shingles.

with strips of mineral surfaced rolled roofing.
Individual shingles on the hip or ridge have the
same exposures as the other shingles on the roof.
They should extend tqually on each side of the
hip or ridge, with onc nail on cach side about %3
inch from the edge. When placing shingles orf
the ridge, always work in the direction opposite
the prevailing winds. -

10-17. Built-Up Roofing. A built-up roof con-
sists of a membrane built up on the job with al-
ternate lager of bituminous saturated felt and
bitumgn. Because each roof is custom made. the
- mmportance of good workmanship cannot bc
overemphasized. The bitumen which is used as a
plyin cement and*as a coating for the saturated
felts may be either asphalt or coal tar pitch.
Coal tar pitch is particularly adaptable for “dead
level” build-up roofs von which water tends to’
stand. Asphalt is better suited 'for built-up roofing
on steeper slopes. The two can usually be distin-
guished by their odors. Asphalt has a distinct.
oily odor, and coal tar pitch .has a pungent.
phenolic odor. These ordors can be determined
best in fresh broken specimens or from the fumes
of speciméns which have been heated. \

10-18. The layers of felt in a built-up roof
function primarily to hold thc layers of bitumgn in
place. They do not materially contribute to the
waterptoofness of the roof and are not suitable

-

for prolonged exposure to the weather. Built-up
roofs are designated by the aumber of plies they
contain; for examplc, 3-ply’ and 5-ply roofs con-
tain 3 and S plies of felt, respectively. They may
also be designated as 10-, 15-, or 20-year roofs.
A 20-ycar roof usually contains 5 plies of felt,
15-year r?of contains 4 layers of felt, and a 10-
year roof contains 3 layers. Built-up roofs may
be applied to a variety of deck materials, in-
cluding wood. concrete, and steel, with or with-
out insulation. These roofs. when finished, may
be smooth surfaced with a thick coat of bitumen:
or they may be covered with a layer of mineral
surfacing material or cryshed stone. Surfacing
materials for built-up roofs serve three important
functions. they permit the use of a thick coating
of bitumen. protect the bitumen from sunlight
and heat. and increase the firc resistance of the
roofing. Built-up roofs,are not intended to carry
foot traffic. Tile surfacing or wooden walkways

- should be used, on roofs that are subject to regu-

lar traffic.

10-19. Asphalth must not be heated above
425° F. and mustYgot be poured or mopped at
temperatures under 350° F. Coal tar pitch should
not be heated above 400° F.. and its temperature
normally should not be lower than 350° F. when
poured or mopped onto a roof. Dense ycllow
fumes from the heating hettle are proof that the
coal tar pitch is too hot.

10-20. The final coating of asphalt or coal tar
pitch on a muneral surfaced roof will always be
poured rather than mopped to assure sufficient
bitumen for embedding the surfacing.

10-21. Operating instructions for heating ket-
tles will not be discussed here because of the dif-
ferent types of kettles in use and the safety
factors involved. The kettle is assigned to the
pavements or carpeplry section, and these scc-
tions will provide you with a qualificd operator
to use the hettle. If 1t becomes necessary for you
to heclp opcrate a heating kettle, you niust study
the manufacturers’ operating handbooks and' be

Figure 105. Nail positions for alphalt shingles.
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prepared to make important decisions affecting
the safe and cfficicnt operation of the unit.

10-22. Metal Roofing. Metal roofings are
classified into three general types:, flat sheets,
corrugated sheets, and unit roofings made in the
form of shingles or tiles. Special shapes of some
metal roofings arc shown n figure 106. Most
metal roofing is bent to form nbs that add
strength to the léngth of the sheet.

10-23. Flat metal shects arc assembled for
roofing purposes by means of various scams,
commonly designated as batten scams, standing
secams, and flat scams.

10-24. In batten-scam roofity. thg metal
sheets are formed with ribs that provide for ex-
pansion and contraction in the direction perpen-
dicular to'the ribs. Expansion-and contraction in
the directjon paraliel to the ribs is provided by
unsoldered Mlat-lock cross scams: Soldered cross
seams are sometimes uscd with the expectation
that allowance for expansion and contraction is
made at the caves and ridge. or that the sotdered
seams so stiffen the shects that slight buckling
within each shect will occur during high summer
temperatures. .

10-25. Standing-scam roofing is similar to bat-
ten-seam roofing because 1t provides for expan-
sion and contraction in the dircction perpendic-
ular to the seams. The roofing shects are fastened
to the roof deck by means of cleats (spaced
not more than [2%inches apart) nailed to thce
roof sheathing at one cnd and folded into the
seam at the other. Because standing scams arc
unsoldered. they are not used on roofs with
‘slopes of less than 3 inches per foot and should
preferably be used with slopes 4 or more inches
per foot. )

10-26. Flat-scan roofing. forming a continu-
ous sheet, 1s adaptable to low-pitched roofs,
preferably not less than ¥2 inch per foot. to as-
sure proper drainage. Small shects, usually 14 x
20 inches are fastened to the roof deck by
means of cleats. one end of which is soldered to
the sheet and the other nailed to the roof deck.
A flat-lock scam is then formed at the juncture
of the sheets. and the scams arc scaled with
solder. Although the sheets are held firmdy 1n
place by the cleats and sufficient clasticity 15 pro-
vided to take carc q&cxpanslon and contraction.
large roof arcas covered by this method should
have the extremities of the roof covering free.
If not, expansion joints must be provided at reg-
ular intervals. Occasionally. long sheets of roofing
are applied by the flat-scam method. ,

10-27. In corrugated roofing. series of parallcl,
alternate ridges and grooves or crests and valleys
are formed.iin flat metal sheets. These features

e

Figure 106. Metal roofing.

add suffness to the sheets. increase the load-
carrying capacity, and aid in discharging rain-
water.

10-28. Metal shingles made to simulate the ap-
pearance of slate and tiles comprisc most metal
unit roofings. Because of the small size of unit
roofings. no provision for ¢xpansion and con-
traction is necessary.

10-29. Corru'gatcd galvanized roofing 1s the
lowest 1n cost of all types of metal roofing; when
properly applicd and maintained. it renders satis-
factory service. Becauscgcorrugated anized
roofipg 1s used most frequently on yfarchouses
and sheds. it is representative of thy/ galvanizéd
metal roofings. -

10-30. Corrugated galvamzed roofing may be
applied over tight wood decks with or without
underlay, on open-slat decks. or on wood or
steel purlmns.

4 »
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10-31. Asbestos-Cement (Asbestos) Roofing.
Asbestos-cement shingles are used on roofs with
at least a 4-inch rise per foot run; asbestos-ce-
ment sheets are used on slopes of 3 or more
inches per foot. This materidl is quite brittle and
becomes more brittle with long exposure to
weathering, It is composed entirely of inorganic
materials, portland cement and asbestos fibers,
and is extremely resistant tg normal weathering.

10-32. Asbestos-cemeht shingles are applied to
a solid deck.that is covered with an underlayment
of 15-pound asphalt-saturated felt. The under-

10-38. Roof Maintenance. When a roof fails,
costly damage can be done to walls, floors, ceil-
ings, and equipment. You will be able to prevent
the complete failure of roofs by performing timely
inspection and repair. If a complete replacement
must be made, the procedures you will use are
practically the same as those we previously dis

*cussed for installing a new roof. However, only

-

Jayment provides a cushion for the shjngles and '
guards against the infiltration of wind and rain. .

- 10-33. Corrugated asbestos-cement sheets are
normally laid over open wood or steel framing.
The sheets are fastened to horizontal purlins
that are fastened to the top of rafters or trusses.
Some common fasteners are shown in figure 107.
Lead head nails and lag screws are also used.
Plastic washers and calking are used to seal
around the nailheads and boltheads.

10-34. Slate Roofing. Slate is a natural rock

that was formerly much more widely used as a
roofing material than at present. Consequently,
most slate roofs that you encounter will be old
ones on permanent structureS. Some of the oldest
roofs in the country are of slate, because slate
roofing has been produced for more than 200
years. .
10-35. Roofing slate is quite brittle and be-
comes more brittle on exposure. It is produced in
a variety of sizes and is usually laid by the" half-
lap method. Roofing slate is normally 3¢ inch
thick, but on large structures it may .range in
thickness from %4 "to more than 2 inches for,
architectural effect. Slate roofs may vary'in weight
from 650 to 8,000 pounds per square, depending
upon the thickness. '

10-36. Slate is placed on a solid deck with a
30-pound asphalt saturated 'felt underlayment
forming a cushion under the slate. Slate of poor
quality, placed one poor deck may last less than
25 years; while good quality slate may last more
than 100 years under conditions of ordinary ex-
posure, assuming that the slate is relaid when the
fastentes, begin to faif. -

10-37. Tile Roofing. Most roofing tiles are
clay or shale products that are burned to a hard,
dense structure, with or without a glazed exposed
surface. Some cement tiles are also in use. Several
types of tile are used for sloping roofs, including
shingle, Spanish mission (half-round), and inter-
locking; but in thesé general types there are many
variants in size, form, and color. So-called prome-
nade tiles are used to make a surface for foot
traffic on built-up roofs. This tile is square-
edged and at least % inch thick.
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partial replacement will be required in most in-
stances.

10-39. Often damage to roofs caused by hail,
wind, and other weathering will be confined to
the covegipg material. Someumes the damage will
be heavy enough to require replacement or re-
pair of framing members. First we will discuss
some of the maintenance tasks for rafters and
trusses, then the covering materials. "

10-40. Repairing of roof framing. Rafters are
generally more accessible to inspection than other
members of a wood frame buildng because they
are usually uncovered on the underside, and de-
fects and failures can be visually detected.
Warped, twisted, or broken rafters can be re-
placed; or if the roof deck is sound, the rafters
may be repaired. A warped or twisted rafter can
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Figure 107. Fasteners for asbesios-cement corrugated
’ roofing.
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be straightened by adding solid block bridging
between it 4and the rafters next to it. *Broken
rafters can be repaired by nailing splices along
the sides. In some cases you may need to install
additiona! support under therafters, This support
should extend from a ceiling joist to the rafter
and be set at a right angle to the underside of
the rafter.

10-41. When' repair or replncement of rafters
is requited you can. ususlly copy the angles from
thé old rafter by using a T-beve] square., When
this is not possible or convenient, you can deter-
mine the length and cuts of the rafters by one of -
the methods which we previously discussed. Re-
placing'mepnbers of a truss that requires
- and equipment t will prevent the

truss from sagging or droppMg. Maintenance
crews should report to their supervisor conditions
that require replacement of trusses or parts of
a truss.~Let’s look at séme of the problems you
will encounter in maintaining trusses, .

10-42. Trusses should be checked immediately
after installation to locate loose bolts and bolts
that are too long, too short, or too small, In some
.cases bolts of a smaller diameter than the drilled
holes have been installed. In other cases, holes
have been drilled for bolts that were never in-
stalled. In both cases you should install the cor- *
rect size bolt. Where bolts are too.short, the
head of the bolt and the washer may have been
recedsed into the meimber. This reduces the area
of the member and its weight bemng quality.
When bolts that are too long are used, it is im-
possible to draw the nut up tight to obtain a
firm connection. Installing additional washers will
take up the space and allow the bolt to be tight-
ened correctly. Always provide support under a
chord when you are making repairs that require
the loosening or removal of bolts. .

10-43. It is important that all truss connections
be tightened periodically until the moisture con-
tent of the lumber rescljes a state of equilibkium

. with that of the surrounding air. During the first
year after construction it is necessary to tighten
e boits at frequent intervals to prevent the con-
nections from becoming excessively loose. Loose
members may result in settlement of the truss,
excessive checking, and splitting.

10-44. When you perform a routine bolt-tight-

ening operation, check the bolts to determine ’

whether or not there is sufficient thread to draw
the nut up tight. Also check the diameter of
washers; if they are so small that the truss mem-
bers cannot be drawn together without embed-
ding the washer, they should be replaced with
larger ones. Where it is impractical to remove
the bolt to replace the washer under the bolt-
head, a square slotted washer may be inserted
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between the existing washer and the wood. Drive

a nail by the washer to prevent it from turning |

and asliding off the bolt. The washers should
be at least ¥ inch thick and not less than 2
inches square. When tightening nuts, strike the
bolthead a sharp blow with a hammer to force
" the bolt through the truss member and break any
adhesion between the bolt and member resulting

. from corrosive action.

10-45. In many structures, inspection may re-
veal that bolt tightening, because of shrinkage of
the members, is'required. As a general rule, boit
tightening should'be done if the average takeup
on boits is more than two turns. This, of course,
depends on the size of the members and the
length and size of bolts, However, the impor-
tance of keeping bolts tight cannot be overem-
phasized. Design values are predluted upon tight
connections, and the full strength of the truss
cannot be realized unless the bolts are kept tight.

10-46. You will be repairing trusses by install-
ing splices and clamps, so let’s have a closer look
-at truss framing and methods of making repairs.
Figure 108 shows a truss with a broken lower
chord and the recommended method of making

. the repair. To make a repair of this type you will _

need %- and %-ixich bolts, washers, and wood

stock. The wood splice plates should be of good.

quality, straight grain material and of the same
size as the original chord. Use this method, of
repair, only when the chord is 2 or more inches
thick. To gnake the repair, you need to drill a
small hole ahead of the end of the split to help
prevent its becoming longer. The repair is made
by adding two splice plates, one on either side of
the lower chord, with the outside plate carried
through the joint nearest the fracture., The rea-
sof for extendlng thiz{plice plate beyond the
2 arest joint (of Webs &0d chord) is that there is
insufficient space on this side of the break to de-
velop the full strength of the member when the
splices ar€ bolted in place. Apply a clamp or_
clamps of sufficient size to draw the broken
parts of the member together and drill a hole for
the Y,-inch diameter stitch bolt. Install the stitch
-bolt with washers and draw ‘it up tight. Also,
place stitch bolts near the ends of the pieces you
are going to usé for splice plates, Install the splice
and bolt it in place. Bolts should be set at least
7 inches from the ends of the splice and ag‘leut
8 inches apart from the length of the splice.” Use
a sufficient number of bolts to carry the load
normaily supported by the defective lower chord.
Figure 109 shows the minimum spacing of bolts’
in lumber. This minimum spacing must be main-
tained to prevent weakening the member.
10-47. Bolts of 3;- or 1-inch diameter are used
to bolt the splices in place becaus® of their
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Figure 108. Truss repair.

strength and resistance to shearing off between . sides of the wood. A clamp of this type may also -
-members when the load is applied. As an exam-

ple, a %-inch bolt, placed through the two
splices, and a 2%-inch chord could be expected
to support as much as 1,980 pounds. When the
chord or center membér of the splice is 5%
inches thick;-the % -inchybolt will carry as much
as 3,210 poywds. These examples apply only

when the wood is straight grained and well sca-’

soned and the bolts are drawn tight.
.

10-48. Stitch bolts are not used in cherds or
webs that are less than 2 inches in thickness.
Placc steel plates on each edge of a thin member
and*fasten them’ with bolts that extend along the

”
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be used to fasten two or more members together.

10-49. The methods used to repair trusses are .

also used on girders, beams, columns, and qthcr
heavy parts of frame structures. 5

10-50. Now that you know of the problems
that you will find in the roof framing, you are
ready to get to the biggest problem in the roof,
the covering, -

10-51. Repairing roll roofing. Most buildings
of a temporary or semipermanent construction
will have asphalt composition rolled. roofing. The
intcnded use of such structures when built was
from | to 4 years. These buildings will receive
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only the minimum amount of maintenance or re-
pair that will keep them lcakproof.

10-562. Small breaks and enlarged nail holes
may be ‘repaired by applying asphalt plastic ce-
ment. Small damaged areas and tears are repaired
by placing £-new piece of roofing below the dam-
aged area. This is done by opening the seam
directly below the damaged area and inserting
the new material. The repair material should be
large enough to extend 6 inches beyond the
edges of the break, and the lower edge should be
flush with the horizontal exposed edge of the,
cover sheet. Before inserting the repair strip,
coat it liberally with lap cement (bitumen) where
it will come into contact with the cover shect.
After inserting the strip, press down the edges of
the damaged area and nail securely with nails
spaced approximately 2 inches apart and about
% inch from the edges. Apply lap cement to
the horizontal seam, press down firmly, and re-
nail as the original seam was nailed.

10-53. When a considerable area of a roof has
been damaged but the main area remains intact,
repairs can_be made by removing the roofing
from the damaged area and applying new roofing
of the same type. Full-width strips should be
applied in the same manner as the original roof-
ing. -

10-54. After all other necessary repairs have
been completed, repair of leaky seams should
be made. Such leaks occur most frequently as a
result of loose nails and fishmouths, and inade-

quate lapping, nailing, or cementing. Permanent
repairs to leaky seams of roll roofing are made
by using a membrane such as cotton fabric or
Iighﬁycight. smooth surface roll roofing. Cement
it over the seam and coat it with a bituminous
compound. ‘e

. 10-55. Figlre 110 shows the accepted meth-

ods of repairing various defects found in roll
roofing. If reroofing is necessary, the roof deck
must bc restored to as nearly a new condition
as possible. The existing roof covering must be
removed, and all protruding nails must either be
pulled or driven flush. Sheathing that is sound
should be rcnailed when necessary, and all
rotted or warped sheathing boards should be
replaced with_new decking. All cracks, knot-
holes, and resinous areas should be covered
with sheet metal.

10-56. Repairing asphalt shingles. Asphalt
shingle roofs that are correctly applied usually
require no special maintenance or repair treat-
ments. Shingles normally last for several years
with little change in appearance. The first in-
dication of normal weathering is the loss of min-
eral surfacing granules, slight at first, but accel-
erating as the loss of granules exposes more of'
the asphalt coating. '

10-57. No definite peNod can ;be ascribed
for the various phases of weathering, because
they will vary with direction of exposure, the
climate, and the slope of the roof. Weathering
is more rapid in hot, humid climates, .on south

. Figure 110. Repairing roll roofing.
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and west exposures, and on low-pitched roofs.

10-58. On asphalt shingle roofs no sharp dis-
tinction can be ‘drawn between maintenance
and repair work. Recoating, which is mainte-
nance for built-up roofs, is not recommended

* for asphalt shingles.

10-59. Repair is often required on asphalt
shingle roofs that have been damaged by wind
or hail. Strong wind will lift the tabs of shingles
that are not stuck down with cement. The tab
will break between the cutouts, ‘or it will tear
out between the nails. If you notice the turned-
up tab before it breaks, you can stick it down
and ayoid more extensive repaiss. ’

10-60. If the tab blows off, you will need to
replace it with a ney shingle. When a single
tab blows: off, you replace it with a single
12- x 12-inch section of a three-tab strip shin-
gle. There is no need to replace the entire
shingle. Pull the nails from both sides of the old
tab and in the course above so that you can in-
sert a new.piece. Work carefully to avoid break-
ing the shingle in the course above. Old shingles
are brittle and are easily broken. Reach under
the course:above dnd carefully cut off the bro-
ken, shingle to form a straight cut from the cen-
ter of the cutout to the top edge of the shingle.
A linoleum knife with a hook-shaped tip
works best for this type of cutting..Insert the
new section of shingle and nail it in place. Re-

» nail the course above and apply a spot of bi-

2

Y

tumen under the loose tabs.

10-61. When you have extensive wind dam-
age or frequent repairs of the type mentioned
in the preceding paragraph, you need a tool
(nait ripper) that is adapted for the job. This
tool looks like a double-headed tack hammer
with a flat steel handle. The head is %2 inch
square and extends about 1%2 inches on each
side of the handle. The handle is actually a nail
puller. It is bent slightly to form a pry surface,
and the end has a V-cut similar to the claws on
a hammer. Each side of the V is tapered to the
end of the handle so that it works as a wedge
when it is driven under a nailhead. You can

use this tool‘in a close area without damaging. .

the shingles in the course above. The double
head is of soft metal, and you can strike it with
your good hammer without damaging the face

of. the hammer. Start the roofing nail by sticking

it into the shingle, place one head of the tool
on the nailhead, and strike the other with a
hammer. By using this method you can drive
nails without damaging turned-up tabs when
you swing the hammer. ot

10-62. Asphalt shingle roofs that are dam-
aged by hail fall into two categories: those with
major damage and those with minor damage.
Major damage occurs when hail breaks both
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layers of shingles and allows water to enter the
building. If the roof is old and brittle, the tabs
may break off and blow away or slide off the
building. When this type of damage is extensivg,
you will have to install a new roof to assure 2
good covering. Minor damage occurs when the
hail knocks the granules off the tabs to expose
black spots of felt but does not break the
shingle. This damage shortens the life of the
covering but will not cause the'roof to leak.
Cover the spots where the granules are removed
with a coating of plastic’ cement, to protect the
shingle and help to reduce weathering. This is
not the neat, workmanlike job we want it to be,
but it will protect the roqf for at least a part of
its normal life expectancy. “The idea is to keep
water out of the building.

10-63. Use care while working on a .roof.
The shingle roof with a 3- or 4-inch slope may
not be slippery to stand on, but it usually gets
that way with age and loosening ‘of the gran-
ules. It presents about the same type of prob-
lem as trying to stand on a pile of narbles.

Use the ladder or chicken board, shown in fig-,

are 111, or a lifeline to walk on roofs having
more than a 3-inch slope. Also use the board or
ladder to protect brittle roofs (such as slate,
tile, or asbestos-cement) and mineral surfaced

NS

Figure 111. Ladders.
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built-up roofs. Many old roofs arc harmed more

by foot -traffic than by weathering.

10-64. Repamng built-up roofs. Make careful
plans before repairing a built-up roof. The entire
roo{ should be inspected and all defects noted.
Asphalt and asphalt-saturatcd felt should al-
ways be “used in the maintenance of asphalt

built-up roofs. and coal tar pitch and coal tar,

~ saturatéd felts must be used in the mainte-
nance of cool tar pitch rroofs. Asphalt and
coal tar pitch ar® not compatible, and contact
between the two should be avoided. When in-
specting the roof prior to repair, disregard small
blisters and buckles in the membrane. Blisters or
buckles, though large in area, will not' lcak as

-t

.

and comsequently arc rendered more susceptible
to changes in temperature. Overheating the bitu-
men can therefore reduce the useful life of the

" built-up roof, Heating kettles are equipped with

thermometers to help you keep a close check
on the temperature.

10:66. Bepairing metal -roofing. Galvanized
steel roofs need not be painted immegiately
upon exposure. In fact, without special treat-
ment or the use of special paints, it is better to
postpone painting of galvanized steel for several

" months to assurc adhesion of the paint. Paint-

ing may be postponed until a bright yellow
corrosion product appears ®n the zinc ceating.

* This corrosion indicates that the zinc coating no

long as they are intact. Blisters or buckles. over

which the ,felts have cracked or disintegrated,-

must be repaired to prevent leaking: To repair,
scrape off all surfacing material down to a «dry
felt surface in an area which extends 2'5 feet
beyond the edge of the blister or buckle. Make
an X-¢ut through the blister or buckle with
the ends of the cut extending 12 inches beyond
the edges. Fold back the four corners of the
membrane and allow to stand until thoroughly
dry. Apply a liberal mopping of hot bitumen
and press the comers of the membrane firmly
into the hot bitumen. Over this, apply at least
two additional layers of 15-pound saturated feit
mopped on with hot bitumen and extended at
least 18 inches beyond the ends of the cuts. If

, the original roof was smooth surfaced, finish the
repair by pouring a surface coating of hdt bitu-
.men at the rate of 20 to 25 pounds per square.
On mineral surfaced roofs, recoat the area with
hot bitumen, poured on at a rate of 70 pounds
per square. While the bitumen is still hot, embed

o gravel at the rate of 400 pounds per square.
or slag at the rate or 300 pounds per squarc,
over the repaired area.

10-65. Whenever the bituminous coating or

, the felts become exposed on a mineral” surfaced

roof, the area should be repaired to prevent

weathering of the exposed area. Brush or sweep .

the loose slag or gravel from the area. Cover
with hot bitumen poured at a rate of 70 pounds
per square and embed fresh gravel or slag. Oid
gravel or slag may be reapplied when the dust
and dirt have been screéned from it. Never at-
tempt to apply hot bitumen over old slag or
gravel surfacing because it will not adhere. When
the original roof is of asphait bitumen, -the old
ifelts must be covered with a thin ceat of as-
'phalt primer before the new bituminous coating
is poured. The primer should be brushed on and
allowed to thotdughly dry. Coal tar pitch roofs
need no primer, but the area to be repaired
must be clean. Both asphalt and coal tar pitch
are hardened and embrittled by overheating

?

longer protects the base metal., However, .it is
much safer to” paint before the appearance of
this product, and subsequent regular mainte-
nance paiQting will prolong the scrvicc of the
roof.

10-67. Inadequate Iaps in galvanized steel
roofings may”be repaired by, calkmg the seams
or, in severe cases where calkmg is impracti-
cable, by stripping the laps with a fabric and
bituminous membranes With any method,
workmanship is extremely important. It should
be realized, also, that repairs of this kind can-
not- be expected.fo last as long as the galvan-
ized sheets; they will require Wnaintenance treat-
ment and probable renewal at intervals. The
best methed of repairing breaks in galvanized
steel roofing is to replace the défective sheet of
roofing with a new one.

10-68. Repairing asbestos roofing. Major
causes of damage to this type of roofing are
hail, foot traffic, contact with tree limbs. warped
roof decks, and failure of fasteners. When only
a few shmglcs or corrugated sheets are broken,
they should be removed and new ones apphcd
When a large percentage (25 percent.or more)
are broken, they should be removed, and a new
roof applied. The age and condition of un-
damaged units should determine whether you
salvage them for use in the new roof.

10-69. When an asbestos-cement roof fails

because of the fasténers, the failure is usually
a general one, and attempfs to replace each in-

dividual fastener are futile. When such fajlure

occurs, normally on a very old roof, it is best to
remove the entire roof covering. Whet ef the

" old roofing can be reapplied depends upon the

age and condition of the material. Normally, if
the roof can be removed without damage, it

may be reapplied to form a lasting roof. - -

10-70. To replace a broken shingle, you will
need the nail-ripping tool we_ discussed in the
repair of asphalt strip shingles. Shatter the bro-
ken shingle so that it can be easily removed,
and thén usc the nail ripper to cut or draw the

"




.the head

nails., Clean the area of all chips andinstall 2
new shingle. When it is impossible to cut or re-
move the old nails, you must cut notches in the-

‘new shingle so that it will fit in the al

position. Fasten the shingle in place by nailing
in the joint in the course above. Cut a piece
of copper, galvanized iron, or painted tin about
3 inches wide and 6 inches long. Place the me-
tal over the joint where you drove the nail and’
slide it under the course above so that about 4
inches of it extends down over the joint and
covers the nailhead. L
"10-71. Broken asbestos-cement corrugated
sheets will be replaced with new sheets and
fastened in.place in the same manner as the
original sheets. When you cannot use the same
method of fastening, you may substitute-toggle
bolts with lead or pldstic washers. Make 2-hole
in a ridge that will allow the bolt to pass thfugh
easily. Allow plenty of clearance for the boit.
Insert the bolt -and draw it tight enough to
seal the bolthole with the-washer.

10-72. Repairing slate roofing. 1f only a few
slate shingles are broken, they should be re-
moved and new ones applied. If mare than 25
percent of the shingles are- broken, the entire
roof should be removed and a new roof applied.
The age and condition of the undamaged slates
should. determine whether you can salvage
them for reuse in a new roof.

10-73. No definite criteria can be given for
determining whether a slate can be reused.
However, generally speaking, a slate may be
reused when the exposed surface is not faded
appreciably, the slate shows no evidence of dis-
integration, and the slate gives a sound “ring”
when- it is held as lightly as possible between
thumb and finger by onme cormer and struck a
sharp blow by the knuckles.

10-74. In replacing a broken slate, you
should remove all pieces and cut the nails with
a ripper. Insert a new slate of the same color
and size as the broken one and nail it through
the vertical joint of the next course above.
Drive the nail about 2 inches below the butt
in the second course above. Force a 3- x 6-
inch piece of copper under the second course
above soqhat it will lIap the joint and cover

f the new nail, as shown in figure
112

f ad N
10-75. Repairing tile roofing. The most fre-

quent repair work- on a promenade tile roof is

that caused by using too few expansion joints
between the promenade tiles or by permitting
the expansion joints to become filled with solids.
The tiles are laid in a l-inch-thick bed of ce-
ment mortar made with 1 part cement to 3 parts
sand. The joints should be 34 to V4 inch wide
and filled flush with a cement mortar made of
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Figure 112. Installing a new slate.

| part cement and 2 paris sand, Expansion
joints, % inch wide and filled with a flexible
joint-sealing compoujid, should be provided on
10-foot centers and at aft vertical surfaces, Ex-
pansion joints should extend from the top of
the tile through the 1-inch bed of cement mor-
tar to the .bituminous membrane. The roem-
brane is a built-up roof of asphalt or coal tar,
usually 5 ply, with a final mopping of 25 pounds
of asphalt or coal tar instead of the usual heavy
pouring of bitumen specified for roof surfaces
with slag or gravel.

10-76. The type of damage and the repair
of sloping tile roofs are essentially the same as
for slate roofs, the exception being that on oc-
casions and after long periods of service, tile
roofs in otherwise satisfactory condition may

leak because of the disintegration of the 30-

pound felt underlayment.

10477. On sloping roofs, broken shingle tiles
will be replaced with new ones by the same
method we discussed for slate and asbestos-
‘cement shingles. Spanish tiles are replaced by
troweling portland cement mortar on the new
tile surface that will be lapped by the course
above and on the surface that will“lap thetile in
the course below. Fasten the new tile in place
with copper wire. Interlocking tiles usé special
fastening clips or nails that are easily removed.
Slip out the old tile and install a new one.
Representative shapes of roofing tiles are shown
in figure 113. Thickness, dimensions, and
weight of these tiles vary with each manufac-
turer, anl'ﬁ no attempt will be made to identify
them here. A

10-78. Now that you have a good under-
standing of the procedures for installing and
maintaining roof covering materials, we need to
discuss the accessories used with roofs. These
accessories include flashing, gutters, and down-
spouts.
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Figure 113. Roofing tiles.

10-79. Fiashings. The purpose of flashing is to
make a roof watertight at an angle intersection
(the valley of intersecting rpofs), or where a
sloping surface joins a vertical Surface (around a
chimney), or at the edge of a roof where it
joins the sidewall. .

10-80. Types of flashings. When two sloping

roofs intersect, a vailey is formed, and somec .

. type of flashing must be used. A hasty valley
flashing,~satisfactdry " for femporary buildings, .is
made of two thicknesses of rolled roofing. One
piece should be approximately 22: inches wide,

and the other piece about 14 inches wide, as\ -

illustrated in figure 14. A valley= flashing of-
sheetmetal, however, is recommended on per-
manent buildings. The sheetmetal must be at
least 14 inches wide and placed over deadening
felt (tar paper). The roofing material should be
cut 3 or 4 inches from the centerline of the val-
ley to provide adequate space for water drainage.

10-81. In order to form a watertight joint
(where a sloping roof meets a vertical wall),
you should use sheetmetal or rolled roofing
flashing. Rolled roofing is recommended only for
temporary types of construction. The method of
dpplication is similar with both materials.. The
lower =dge of the flashing must fit dver the top
of the material below, and the top edge must
be covered by the roof covering or exterior side-
wall so that water cannot run upder the flash-
ing, as illustrated in figure 115.

Figure 114. Valley flashing with rolled roofing.
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10-82. A roof jack (or /vcnt-stack flashing
as it is commonly called) is used to shed water
caround -pipes that extend through the roof. It
is formed of 4-pound sheet lead to fit around
vent stacks and extends 8 inches in all directions
from the joint ‘'made by the stack and roof sur-
face. The top of the lead flashing is turned over
and into the top of the stack, as shown in figure
116. When this is not.done, water will enter be-
«tween the stack and flashing. If the stack is too
tall for the flashing to reach the top, the flash-
ing must extend at least 6 inches up the stack ,
and be covered with some type of counterflash- .
ing or rain guard that will prevent water from
running down the sides of the stack..

' 10-83. A metal eave flashing is used to pro-’
tect the lower edge of the decking on all except
flat roofs. A formed strip of galvanized meta] is’
installed to shed rainwater away from the edge
of the board. This flashing can be formed in the
metal shop, or you can get commercial types

similar to those shown in figure 117. Those *

«flashings shown as A and B in figure 117 can be

used along the eaves and gable ends of shingle
roofs. The flashing shown as C in figure 117 is
designed for pitched built-up roofs having a
gravel or slag surface. ; ‘

10-84. These flashings protect the edges of a
roof and are used in conjunction with required
starter courses and edge strips of composition
materials. They are not” a substitute for any
part of the roof covering.

10-85. Materials for flashings. Materials used
for flashings must resist weathering for long pe-
riods of time. These materials_should outlast the
roofing and in most cases remain effective for
the life of the building. It is not uncommon to
replace a roof without removing the original
flashings. Some flashings break or pull loose be-
cause of movement of the framework and will -
need replacing. Others, made of soft metal, will
take much abuse Without causing you a bit of
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Figure 116. Vent stack flashing.

work. Metal flashings are usually required with
slate, tile, asbestos cement, metal, wood shingle
roofs, and masonry parapet walls. The principal
materials are copper, tinplate, lead alloy, galvan-
ized iron, hard lead, and aluminum. .

_10-86. Copper flashings, correctly installed,
require little repair. Sixteen-ounce soft copper
is §atisfactory under most conditions, but hard

copper is best for preformed flashings. Twenty~

ounce copper is recommended for loag runs
subjectgd to extreme temperature  variations.
Copper will stain exterior wall surfaces if it is
not painted. Copper flashings should be painted
with a bituminous compound when it is sub-
jected to the actions of soft coal smoke, sulphur
dioxide, or sodium chloride fumes.

10-87. Lead alloy (terne or terneplate) is

sheet iron or steel coated with an alloy of ap-
proximately 4 parts lead to 1 part tin. This
metal sheet must be painted on the back side
before it is installed to protect it from conden-
sation. .
10-88. Hard lead is an alloy of lead and
antimony (a hardener). It is highly resistant to
most fumes. It expands easily but is brittle and
will wrinkle or “creép” when it is used in large
sheets. It should be painted when it is used in
contact with concrete or lime mortar.

10-89. Lead sheets are produced in various
thicknesses, widths, and lengths. Ordinarily lead
sheets are referred to by the number of pounds
per square foot when they measure less than 1
inch in thickhess. Most of the sheets you will
need are thin enough to be stored in rolls.
Lead sheet, is especially useful in making flash-
ings for thé vent stacks of the plumbing system.

10-90. Aluminum compares favorably with
copper as a flashing. It will last indefinitely, but

ra

77

you must paint it to prevent corrosion when it
is ¢xposed to concrete®or mortar. -

10-91. Steel sheets are used for roofing,
siding, and other flatwork. The sheets may be
either flat {smooth surface), corrugated, or
formed into ribbed and flat areas. A zinc coating
of a specified thickness is applied to the metal *
by cither the hot-dip or the electrolytic method.

The following types and classes are available. .

e Type I, flat.

e Type I, corrugated.

e Class A, extra heawily zinc-coated (0.0306-
inch nominal thickness and thicker sheets
only). ’

e Class B, heavily zinc-coated. ,

e Class C, moderately heavily zinc-coated.

e Class D, ordinarily zinc-cpated (commer-
cial).

e Class E, lightly zinc-coated for severe
forming (light comrfiercial coating).

A

10-92. Type I, class C sheeis in a nominal
thickness of 0.0545 inch (2.280 pounds per
square foot) to 0.0150 inch (0.625 pounds per
square foot) will bend without breaking the zinc
coating. . ’

- 10-93. Type 1, class D and E sheets in a
nominal thickness of 0.0672 inch (2.812 ‘pounds

\ P

Figure 117. Eave flashings.
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ROOFING

BOX GUTTER

ROOFING

BUILT-IN BOX

+ EXTERIOR WALL *

* Figure 118, Box gutter.
Sgte

per square foot) to 0.0150 inch (0.625 pounds, per
square foot) will bend without flaking the coating.

10-94. Each zinc-coated sheet is marked with
the class (A, B, C. D, or E) and the nominal
decimal thickness. The type is visually identificd
as flat or corrugated. The gage thickness of the
galvanized sheet is based on the United States
standard gage. Order galvanized sheets by nomi-
nal thickness in inches.

10-95. A composition or membrane flashing
is commonly used around the edges of flat roofs
surfaced with built-up roofing. The roofing felts
are laid up the cant strip and at Jeast 4 inches
on the vertical surfacc that has been prepared
with a cold-troweled-asphalt mastic cement.
Each layer of composition material must be
mopped with, hot mastic. Generally it is best to
cap the mtmbrane with a metal counterflashing
wecured with metal wedges and sealed with an
clastic compound. Bituminous material also
serves as an inexpensive, though inferior, substi

A

*wood and lined with a waterproof Mcrial.

.

]

Modern methods require a durable metal lining,
such as copper or_ aluminum. One form of box
gutter is shown in figure 118. This form of box
gutter is built within the framework of tht roof
and cannot.be seen from the gound. The box
gutter is wide and shallow and is sloped frgm
onc cnd to the other. When a stoppage occurs
at the outlet,. water will spill over the low side
of the gutter and the purpose of the gutrgr is
defeatal. Repairs to stop a leak consist of plac-
ing a lining or bitumen and cotton fabric mem-
brane inside the gutter.

10-99. Formed gutter. Gut}c’rs formed from/

galvanized metal or aluminumare often referred
as hadging gutters. The half-round type shown
in figure 119 is available in 3- through 12-inch
widths. Hangers are used to hang it in position
Just below the cave. The hangers, clip over rolled
lips on the side of the gutter or form a band
around it. The upper cnd of the hanger extends
over the eave and is nailed in place under a
shingle. You may find places where gutters
(or additional hangers) were installed after the
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tute for metal flashings on top of masonry walls
10-96. After you solve the problems on the
surface of the roof, theh comes the problem of
collecting and carrying the water away from the
building. The first part_of this system is the gut-
ter, so let's look at it before we get off the roof
and put away the Jadders. '
10-97. Gutters. A gutter is a trough designed
to catch water at the cave of a building and
carry the water to a downspout. There arc many
different types of gutters in use. ranging from
the box gutter, which is built into the design of
the building, to the formed metal gutters that
hang below the eave. ) !
10-98. Box gutter. A box gutter is built of
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shingles were placed and the hanger was fas-

tened on top of the shingles. This is a common
cause of leaks and should be climinateda
10-100. Another formed metal gutter is re-
ferred to as a box gutter because of its shape.
This gutter is .also shown in figure 119. It is
made of galvanized metal or aluminum and is
fastened in place just below the eave. -
10-101. Figure 120 illustrates the main parts
of a roof drainage system. The half-round gutter
is shown. along with round, corrugated, square,
and rectangular downspouts. Inside and outside
comners and slip joint connectors are used to

connect lengths of gufter info one continuous
trough. Trough hangers are fastened to the roof
and form a cradle for the gutter. The down-
spouts are held to the exterior wall with hooks.
straps, or wire. Elbow and cutoff joints are used
to form the route of the downspout. .

10-102. Downspouts. The purpose of the
downspout is to carry rainwater from a gutter to
ground level and direct the water away from the

Figure 120 Gutters and downspouts.

foundation of the building. One or more down-
spouts are required on each gutter (or con-
nected gutters), depending on the amount of
water collected by the gutter.” Additional down-
spouts may be installed by cutting a hole in the
bottom of the gutter and Soldering a drop in it.
The shape and size of the drop must fit into the
downspout you intend to use. Connect the
downspout to the drop with two sheet metal
screws. This joint may be~soldered on some
permanent buildings, but it is not always a
good idea. The drop does not support the down-
spout. Hooks, straps, or wire are‘used to fasten
and support the downspout. Sheét metal screws
placed in the slip joints of the downspout prevent
excessive movement of the individual joints when
the metal expands and contracts.

10-103. The routing of the downspout can
be changed from the vertical poSition by using
45° or 90° elbows. The elbows have slip joints
that fit over the lower end of a downspout and
ifiside the upper end of a lower downspout.
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CHAPTER 4

’ : Interior Framing

AVE YOU EVER entered a building

where the inside finish was so eye-catch-
ing that you stopped and took another look?
If you Have, you have expcrie?ced one of the
results of good workmanship. ‘The importance
of good workmanship in interior finishing of a
building cannot be overemphasized. The work-
manship of the entire building reflects how well
you have done the interior. If the inside finish
is unprofessional in appearance, the chances are

that the hidden framing follows the same %

tern.

2. The interior of a building will require more
time to finish than the exterior. It also requires
more skill and patience, but by taking your
time you can do,a job that you can be proud of.

3. The interior finish includes wall, ceiling,
and floor coverings, as well as the trim members
for doors and windows. Other interior finish
work includes the 'adding of baseboards and
the installing of cabinets, cupboards, and stairs.
Miscellaneous interior finish includes picture
molding, chair rails, door and window stops,
and any other trim members -called for in the
drawings and building specifications.

11. Interior Walls and C&ilings

11-1. The framing of interior walls and par-
titions is very similar to the framing of exterior
walls as discussed in Chapter 2 of this volume.
In this section we will discuss the framing, in-
sulation, coverage, and trim of the walls and
ceilings. .

11-2. Walls. An interior wall or a partition
wall is used to separate sections of a building.
It may Be a weight-bearing or non-weight-bear-
ing wall, depending ont the way the ceiling joists
are placed. Most partition walls with a wood
frame are made of standard 2 x 4’s. However,
walls that contain the vent stack ( plumbing vent)

may be constructed of 2 X 8's or 2 x, 10%s, de- *

pending on the diameter of the pipe used in the
vent stack. Double plates are used on both
ends of the studs to provide an easily accessible

‘
.

nailing surface for the ends of wall panels. The
studding in weight-bearing walls usually has the
same spacing as the exterior walls in the same
building (12 or’ 16 inches on center). Non-,
weight-bearing walls may have studs spaced
24 inches on center with single studs and head-

“ers at door openings. Block bridging is not

usually required, buf is sometimes used for the
purpose of fastening the top edge of a wainscot
(protective panel on the lower 3 or 4 feet of
wall). S

11-3. While we are still ‘'on the subject of
framing, let's look at the insulating materials
that are placed within the framework.

11-4. Insulation of Walls and Ceilings. Build-
ings of light frame construction should be well
insulated to insure comfort in warm weather as
well as cold. The insulating of the average frame
structure in cooler climates is usually justified;
the saving of fuel in 3 to 5 years will more than
pay for the insulating cost.

11-5. Heat is lost from a building in two
ways: by air leaking around doors and windows

' and by conduction of heat through the mate-

rials in the walls, floors, and ceilings, which
then radiate heat to the outside air. These two
losses should not be confused because both
can occur at the same time on the same door,
window, wall, or ‘floor. The methods of insu-
lating against them, however, are entirely differ-
ent. The *proper fitting of doors and windows
will decrease air leakage around them. Regard-
less of the fit, doors and windows should both
be fitted with proven weather stripping. Air
leakage through walls may‘be serious in a
poorly constructed building. It can be almost en-
tirely eliminated in frame construction by prop-
erly applying good building paper beneath the
outside wall covering. The second way of losing
heat from a building i by transmission through
solid (airtight) material. For example, when a
glass of hot water is held in the hand, the heat
of the water is transmitted through the glass
and can be felt. The heat from a warm interior
escapes to the cooler air outside by transmission
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through the window glass in this same manner.
Heat is also lost by transmission through the
wpod of doors and walls, and through the pias-
er. Insulating materials must be poor conduc-
tors of heat so that when placed in the walls
they will foNm a thermal barrier. This barrier
tends to keep the building more comfortable in
both summer and winter by slowing the trans-
mission of heat. ' ’

11-6. Insulation materials arc divided into
four general types: flexible, rigid, fill, and re-
flective. The flexible, rigid, and fill types arc
made up of small cells (dead air spaces). These
small, dead air spaces slow the transmission of
heat; and the thicker the material is, the more
effective it becomes in resisting the passage of
heat. ‘

11-7. Flexible insulation. Flexible insulation
is made in the form of quilts or batts which
fit between standard spaced studs, as shown in
figure 121. Quilts are normally used” for insu-
lating the walls because the insulating material
is entirely inclosed with a protective covering and
the possibility of “settling is eliminated. Most
quilts have a continuous tab jon each edge for
fastening them to the fram@ members. Tacks
may be used for fastening the quilts in place
but an automatic stapling gun makes gn easier
and quicker job of it. Quilts are installed be-
tween the studs after the.outside shedthing is in
place. They are packaged in rolls and can be
cut to the correct length with either a knife or 2
pair of tin snips. Quilts may be filled with any
one of several different types of insulating ma-
terials, the most common of which is spun glass.
When working with any insulating material, care

should be taken to avoid splinters’ from handling
with barc hands. Protective equipment’and cloth-
ing should be worn to climinate hazards. .

11-8. Insulating batts are similar to quilts ex-
cept that they are packaged in flat batts, 48
inches long and wide enough to fit between
standard spaced frame members. One side is
usually covered with a waterproof paper but
ihe other side has either plain kraft paper or no
covering at all. They are often used in the attic
between the joists for insulating the ceiling.
They can also be installed between floor joists
for insulating over the crawl space in buildings
without basements. In the attic, the need for fas-
tening is eliminated bécause the batts lie flat.
The same type of material is used for making
both batts and quilts.

11-9. Rigid insulation. Rigid insulation
boards are made in flat sheets from %2 to 2
inches thick. They may be made of cork, wood
pulp, corn stalks, and various other vegetable
fibers. Cork is not generally used for insulation
in construction work except in special temper-
ature-control rooms, such as walk-in refriger-
ators. Most present-day rigid fiberboards not
only provide insulation but also serve as a struc-
tural sheathing in place of wood. The rigid
boards most commonly used for sheathing are
treated with asphalt to make them waterproof.
This treatment may be either a complete satura-
tion or a thin exterior coating. When untreated
rigid boards are used for sfieathing, waterproof
building paper should be used the same as for
wood sheathing. Rigid boards may have square
edges, shiplapped edges, tongue-and-groove
edges, or a combination of these. When
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, fiberboard sheathing is to be covered with shingles,

furring strjps are recommended, since the fiber-
board , not provide solid anchorage for or-
diokry nails. Furring strips or horizontal siding
must be nailed through the sheathing into the
studs.

- 11-10. Loose fill insulation. Loose fill insula-
tion is the same material as that used in quilts
or batts. It is pacggcd in large bags and may
be used for insulating both the ceiling and side
walls of a building. When using it in the attic,
jt is a simplée matter to fill the space between
the joists. For the outside walls, however, the

loose insulation must be blown in through an

opening made near the top of the wall between
each stud. After a building has been completed,
it is almost impossible to install quilt or batt
type insulation without excessive labor, and
damage 1o the walls; but loose fill type insula-
tion can be installed in finished walls with little
difficulty.

11-11. Reflective insulation. Reflective insula-
tion turnig back radiant heat similar to the way
in which a mirror reflects light. Since very little
of the heat penetrates the reflecting surface,

this type of insulation is very thin, usually alum-.

inum foil, cemented to one or both sides of a.
craft paper. It can be used separately or in con-
junction with the other three types we just dis-
cussed. When used separately, it is looped be-
tween the studs, tacked or stapled on the edge
of each stud, and creased, as shown in figure
122, This method creates an additional air
space, which also adds to the insulating effect.

% f

Ordinarily the shiny side of the foil should face
toward- the inside on walls and toward the out-
side when placed between the rafters in the
roof. Thin foil may also be cemented to one or
both sides of rigid fiberboards or it may be used
as part of the protective covering oh quilts or
batts.

+ 11-12, Interior Wall and Ceiling Covering.

.The finish of interior walls and ceilings adds to

both the insulating and decorative .characteristics
of a building and often adds strength as well.
Special types of covering also improve the acous-
tic (sound absorption) properties of a room.

11-13. Dry wall. The introduction of a variety
of dry, rigid wallboards has greatly reduced the
use of lath and plaster in present-day construc-
tion. These wallboards are made in sheets of
various materials such as vegetable fibers, plas-
ter, or plywood. Wallboard sheets are made in
standard sizes 4 feet wide and from 6 to 12 feet
long. They may be obtained in other sizes for
special jobs. Although dry walls are not gener-
ally considered to be as strong as wet walls, they
are less expensive and easier to install. The
sheets are put directly on the studs or joists
without requiring lath. Many of the dry wall-
boards are made of specially finished surfaces
which eliminate the need for any further treat-
ment.

11-14. Fiberboard wall coverings are made
of cork, wood pulp,, corn stalks, and various
vegetable fibers, andYare made in sheets from
V2 to 2 inches thick.\When used for covering
interior walls, these shéets have a decorative
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finish -on one¢ side. For a ncat appcarance, the
joints between the sheets may be covered with
batten strips of either wood or fiberboard. When
fiberboard sheets must be cat, a special fiber-
board knife is reccommended to obtain a smooth
cut. Fiberboard sheets “are also made in small
pieces called tiles, which are often used for coy-
ering ceilings. These tiles may be squarc or rec-
tangular to fit standard stud or joist spacing.
They may b® made with a lap joint which per-
mits blind nailing or stapling through the cdge.
or they may be of tongue-and-groove material
fastened in place with 2d box~(pails driven
through special metal clips. No nailheads are
exposed with either of these' two types. The
edges are beveled to form a recessed V around
each tile which) hides the joints. and also gives
a decorative ecffect. Since all fiberboard tiles
need solid backing behind the joints, furring
strips are placed at right ingles across the bot-
tom of the joists and short furring pieces arc
placed along the joists between the furring
strips, as shown in figure 123,

11-15. To replace a single tile usually re-
quires that the old tile be removed from the
center outward by breaking the tile and remov-
ing small sections. Any other method usually re-
sults in damage to adjoining tile. The lip and
back side of the groove are removed from the
new tile so that it can be easily fitted into place.
The new tile is cither glued in place or fas-
tened with small nails. The nails should be
placed in the design of the tile so that the hole
will not be conspicuous. Set the head of the nail
below the surface of the tile so that it will not be
seen.

11-16. Tile that is installed in metal channels
is casily replaced by sliding an end tile out of
the groove and working to the tile that nceds
replacing. This situation develops where the tile
ceiling is “dropped™ below the original ceiling
and is suspended on wire hangers. The®metal
framework is not strong enough to Support the
tile, electrical fixtures, vents. and you. Use a
ladder of sufficient height so that you can work
without adding some of your weight to the
ceiling. Some large (2- x 4-ft.) panels are in-
stalled in individual frames and can be removed
individually.

11-17. Sheetrock wall covering is made simi-

lar to rock lath, except that it has no holes -

and the paper covering is thicker and stronger.
The sheets are very brittle and require ex-
tremely careful handling to prevent breaking.
Approximately 1% inches of each edge is made
;s inch thinner than the body of the sheet.
When two sheets are placed side by side, the
thin edges form a recess to receive perforated
paper tape and gypsum cement which conccals

83

URHOCALIL 87 SUSILEOY

IMOAT FUERING
fLces

P

Figure 123. Furring out ceiling joists.

the joints between the sheets. A Ys-inch spacc
between the edges of the.sheets helps to hold
the filler cement in place. The sheets are usu-
ally fastened in place with blued nails which
have an oversize head and are 1%4 inches Jong.
The nails along the edges are covered with the
perforated tape and cement. Nails are spaced
about 5 inches apart and ¥ inch from the edge.
Those in the middle of the sheets are spaced 8
or 9 inches apart and should be sgt below, the
surface to receive the filler cement. It is common

practic# to strike the nailheads one extra blow
for setting. This makes a slight depression (ham-
mer mark) which holds the cement around the
the ceiling

head. When installing plasterboard,
is usualiy put on first.

11-18. When removing damaged plaster-
board, use a method that will also help you in
fittng a replacement piece. Scribe, cut, and re-
move a square section or one ‘having straight
sides and square corners. This will help you
when it is time to cut and fit the new section.
Start removal at a joint and cut across to the
next stud and along it for the desired distance.
After removing the damaged section, cut a 2 x 4
the length required to fit between the studs at
the top (and bottom) of the repair. Nail the
2 x 4's in place, leaving one-half the thickness
exposed to provide a nailing surface for the
patch. A I x 4 or 2 x 4 nailed to the side of the
onc stud (the other one had the joint on it)
will provide nailing surfaces for the patch and
adjacent material. p

11-19. The joints between plasterboard pan-
cls are filled and covered WilHi joint compound.
Perforated tape is bedded into the compound
for added strength. The compound is applied in
layers, with the first layer filling the joint and
lapping over the edges of the panels by 2 or 3
inches. The tape is pressed into this layer and is
covered by a second layer of compound. The
compound is worked out to a thin edge on
each side of the tape with a broad knife (wide
knifc similar to a scraper or wide putty knift)

-~
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leg 125. Mywood panel joints. .
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tables, and openings for heating, plumbing, and
ventilating equipment. Regardless of the type of

123 S ’

)

. N
. ~
€Y /’
11-22. Wood paneling. Plywood panels are
N used extensively as interior wall covering and
- S— can-be-obtained -on-the-market-in- sizes_from-%4— .
PLASTERBOARD . - » to % inch thick; 36 to 48 inches wide; and 60, .
- 72, 84, or 96 inches long. Douglas fir is the
L ® wood ‘most commonly used for making these
. CHAIR RAIL {_ - large pahels of plywood However, some face
. : panels are available in varioys cabinet woods,
\ such as oak, birch, mahogany, and other hard-
WAINSCOT 4 woods. Plywood gives a wall a wood finish sur-
face. If desired, the less expensive plywoods can /
-z be used and’ covered with paint or wallpaper or
. -, BASEBOARD f. can be decorated in the same way as other plas-
’ | tered surfaces. These panels are usually applied
- MOLDING vertically from floor to ceiling and fastened with
) ' 4d finishing nails. Special strips or battens of ei-
ther wood or metal may be used to s‘}c‘)nccal the
Figure 124. Wood panel wainscot. joints when flush joints are used. Join®s can also
be treated with moldings, either in the form of
to form a nearly flat surface that will not show  battens- fastened over the joints or applied as
when*the wall is painted. This process works  SPlines between the panels, as shown in figure
- well on tapered edges of panels, but more and 125. An outside corner of a room may be given
. wider layers are required to cover the joints 2 Simple'and effective treatment by finishing it
made by patches. The hammer marks (indenta-  With _quarter-round molding, whereas a cove
tions) and nailheads may be covered with one  molding will finish an inside corner. These two
oritwo layers of compound. ' finishes are illustrated in figure 126. .
11-20. When lower sections of plasterboard . . J
. walls are continuously damaged by rough usage, - —
‘ it may be necessary to rcplacc the pancls with
plywood. Where rough usage is the main fac- n
’ s tor, the situation may be corrected by installing .
. a wainscot, as shown in figure 124. N
11-21. A wainscot is used to protect the 1A} 1B
+* *lower section of the wall. It may be constructed. ~ OUTSIDE GORNER INSIDE CORNER
of wood, plywood, or tempered (hard) fiber- {QUARTER ROUND) {COVE MOLDING!
board. The top edge, located 3 or 4 feet above . .
the* floor, is covered with a molding. This top Figure 126. Plywood corners.
e molding is commonly referred to as a chair rail. « 11-23. Wood produces an interesting wall
’ covering, giving the effect of stabi]ity and
’ warmth. The wood used in wall coverfg is usu-,
ally’ selected because of its desirable color, the
number and kinds of knots, and its grain. The
CALKING edges are molded and the surface sanded to
"9 produce an appealing finish. i
' . 7Y (2] © 11-24. Wheh wallboards are applied, head-
) ers must be placed between the studs near the
, V. JOINT  FLUSH JOINT OPEN JOINT top and bottom of the wall. Wood panels can
’ be appllcd directly to the stud frame wall.
11-25. There are many other types of pan-
! els used on walls and cc11mgs but th:y are in-
B stalled, replaced, or repaired in the same way as
| those in our discussion. ‘ .
i : 'i 11-26. IQ building construction, the house
8 , plans usually -have a section covering the details
i:‘ \Eg:, J W‘OE()>D~ vfggm) / for ail built-in equipment. This equipment in- ( “
> * <JOINT JOINT JOINT cludes closets, wardrobes, utility cabinets, work . -




—————+——hill"of material is compieted; make a fullsize

built-in equipment, a detailed plan must be
used.

11-27. Before attempting’ to make apy built-
in article,” study the details and organize the
work in a systematic, convenient order. This sim-
plifies the entire operation and makes the con-
struction work much easier. After studying the
plans of the article to be built, make out a bil
of material listing all items to be used. When the
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drawing of the article (if possible). This large
drawing, if used correctly, will eliminate slight
errors that might be present in the scale drawing.
This simplifies the, problem of construction and
helps determine the proper sequence for doing
the job. The full size drawin
and used as a pattern wherd several, identical
pieces of equipment are to be made.

=28 Interior Trint. The various trint e
bers used in finishing the interior of a building
are the casings around the doors and windows;
the baseboard, with base and shoe mold; pic-
ture mold; chair rail; cornice mold; and panel
mold. There should be a definite architectural
relationship in the design of all these members
to that of the dodrs, windows, and the general
architecture of the building. Many varieties of
wood, such as birch, oak, mahogany, walnut,
chestnut, and white and yellow pine are used
for interior trim. When the trim is to be painted,
a close grain wood is desirable, since it pro-
vides a better painting surface. ]

11-29. The base trim member which is fitted
against the wall on top of the finished floor is
known as the base. It is usually made up of two
. members, the baspboard and the base shoe, as
shown in “figure 127. Frequently, a third mem-
ber is added. It is called the base cap molding
and fits on top of the baseboard. These mem-
bers are nailed with 6d finishing nails.

can be cut out -

(B) is usually fitted and nailed against both the
ceiling and wall of a room. The chair rail (C)
may be placed on the wall at any one of vari-
ous heights, such as the height of the back of a
chair off 48 inches from the floor. The panel
mold (D) is used to divide wall spaces idto
panels. Shelves in closets rest on cleats, illus-

m-—rated at (E), making it casy to remove the

shelves as desired.

12.. lnteriorv Doors and
Window Trim

12-1. Installation of interior doors and window
trim is an important part of the inside finish of a
building. Likewise, the maintenance of these
items is also important. Timely maintenance will
reduce repair and replacement work oh these
items. -2

12-2. Interior Doors. There are many different

stock designs of doors available on the market
today, enough to fill all the needs of the average

. builder. .

11-30. The picture mold shown in (A), fig-"

ure 128, is placed against the "wall near the
ceiling, usually up against the ceiling. Some

builders prefer to lower it to 12 or 16 inches’

- below the ceiling. The cognice mold showa at

Figure 127. me%ard “and shoe mold.

¢
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12-3. Paneled doors are probably the most
common type used in light-frame construction.
They are made up of stiles (vertical members),
rails (crossmembers), panels, and moldings for
holding the panels in place. The number and
shape of ‘the panels may vary considerably, as
was’ shown in Chapter 2 of this volume. Because
the panels are inset in the stiles and fails, they
can be changed from wood to glass with little
difficulty.

12-4. Flush doors, although relatively new on
the market, afe Perhaps the most desirable for
resent-day construction. They are, however,
slightly more expensive than other types. These
doors may have either~a solid core built up of
softwood or a hollow core made up of girds

*(plywood strips), as previously shown in Chapter

2 of this volume. The core in either type usually
has stiles and rails similar to those of a panel
door. Plywood is laid over the core to provide a
smooth surface on each side. The edges of these
doors are covered with the same type of wood as
the surfaces. Although the hollow core doors
have the same appearance as solid core doors,

!




beyond the edge of the rails, as shown in figure

'] 129, The lugs provide protection from damage

2

before the door is hung. On paneled doors, the
edge on'Which the hinges are mounted is known
as the hinge stile, and the other edge the lock
stile. You should sclect the stile with the straight-
cst grain for the lock, especially if a mortise lock
is to be used. On exterior doors which have out-
side faces. the dircction of the swing determines
the hinge stilc and lock stile.

12-6. Before you start to fit the door into the

A

STILES MUST BE FLUSH

SOTH TOP AND BOTTOM
wes WITH EDGE OF RAIL

MUST BE CUT OFF

Figure 129. Lugs on paneled doors.
they are lighter in weight and are more effective
for soundproofing and heat insulation.

12-5. Fitting of doors. Regardless of how care-
fully you install door jambs, they must be fitted
to the opening where they are to be used. The
reasons for this are that the doors may be slightly
wider than the specified size and the cndi;of the
stiles (lugs) on unhung paneled doors”project

opening, the lugs on paneled doors must be cut

off cven with the rails, as.shown in figure 129, If
the door will not fit under the head jamb, the
bottom cdge may require trimming. If more than
1 inch must be trimmed off, it should be taken
cqually from both top and bottom. When a
threshold is to be used, the door should be cut
14 inch shorter than the vertical distance be-
ween the threshold and the head jamb. This
alows 11 inch W; both the top a‘nd
bottom of the door. If no threshold is to be used,
the space at the bottom of the door should be
sufficient to clear the thickness of a rug (usually
Y4 inch).

12-7. When the door is cut to the correct
height, it should be positioned in the opening, as
shown in figure 4[30. With the door in this posi-
tion, aqlinc scribed on the lock edge, ¥ inch
from the lock jamb, will mark the width of the
door. A jack:plane can be used to trim the door.

—
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Figure 130. Positioning door in. opening.
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Figure 131. Wedging door.
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12-8. When the door has been fitted to this
opening and is ready for the hardware, it should
be positioned and wedged in the opening. An
easy way to maintain the spacing at the top is to
place two fourpenny finishing nails between the
head jamb and top rail. This is shown in figure
131. A single wedge near the center#f the bot-
tom rail will hold the door in place. The nails on
the top rail will allow the door to be shifted if
necessary. When the door is properly positioned,
it should be firmly wedged and the hinge loca:
tions marked on both the stile and the jamb 7
inches from top of door and 11 inches from bot-
tom of the door. The hinges used on most pas-
sage doors require a mortise (gain) for at least
one of the hinge leaves, as shown in figure 132,
and with some hinges both leaves must be mor-
tised. The mortise must be carefully laid out and
chiseled-so that the hinge fits perfectly. An incor-
rect hinge mortise may prevent the door from
closing and cause the dgor to swing improper)y.

12-9. Installing locks. The design of locks is
probably even more varied than the design of

hinges. However, certain information relative to
locating and mounting is common to most lock
designs. When the hinge installation is complete
and the door is in place, the layout for the lock
can be made. Because of the great variety of
Jocks, the layout will depend upon the specific
lock to be.installed. The one governing factor
concertiing the locatjon of door locks is the heiglit
of the spindle knob above the floor. This height
is usually 36 inches. The instructions inclosed in

~ “Tthe package with thé Iock givé special informa-

tion and specifications concerning the size and
location of holes necessary for proper and easy
installation.

12-10. Figure 133 illustrates -a tubular lock
and guide tool. This special guide tool is made for
locating and boring the holes when installing a
tubular lock. This tool focates the center points
for the spindle holes and acts as a guide for the

bit when boring the level hol¢ in the Jock stile.

This guide tool fits all standard door thicknesses
and, when properly used, makes the barrel hole
level and correctly located in relation to the spin-
dle hole.

12-11. Inspection and Maintenance of Doors.

Mény things can happen to doors that will cause:

them to fail. Decay, resulting from exposure to
the weather, or the shrinkage of door members
may cause distortion or failure. If the joints be-
come loose or the lock stile sags, the door will
drag or bind. A thorough inspection is necessary
to determine effective remedies for failing doors.
The . following list will' give you a2 good start on

making a checklist that applies to doors on your

base:

e Examine opening to seg that hinge and lock
side of jamb are parallel.

® Check header to see that it is level.

® Check anchorage of jamb.

® Check anchorage of hinges and other hard-
ware.

® Check lock face plates for projection be-
yond stile (along the bevel)

@ Check all”members for swelling, shrinking,

and warping.
b
A S e e £
I (‘; ‘ N
Il

Figure 132, Setting hinges.
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12-12. When a door shrinks, remove the hinge
leaves "and install a filler (cardboard or metal
" shim) underneath. This filler forces the door
closer to the jamb at the lock edge, and pro-
vided hinge pins do not bend, the door sfould
then operate satisfactorily.

.12-13. Doors or door members may require
rebotlding because of neglect or abuse. Remove
the door to a flat surface and replace damaged
member. Carpenter’s bar clamps assist in hold-

is to lift off the striker plate and glue and nail or
screw a wood strip extending up and down the
entire length of the door jamb. It is necessary to
cut a hole in this strip for the latch bolt. An alter-
nate method is to remove the hinges from the
door and screw a full-length wood strip to the
door. Countersink all nails or screws and putty
over all holes. |

12-16. When the latch does not operate be-
cause of poor alinement with the striker plate.
enlarge the hole in the striker plate by filing. If

__ing door members square while you drive nails
or screws. ’

12-14. A warped door which has sprung in-
ward or outward at the hinge edge is impossible
to close without applying pressure against the
bulging part. This trouble is generally overcome
by placing an additional hinge midway between
the other two to hold the door straight. If another
hinge cannot be obtained, temporary repair is
made by shifting the hinges outward on the door
jamb. .
12-15. Settling of the foundation may cause
the door frame to spread apart, thus widening
the doorway. As a result, the bolt in the lock

may not reach the strike plate, making it im-

possible to lock the door securely. Insert thick
cardboard strips beneath the leaves ‘bf the hinge
attached to the jamb. This shifts the door to-
ward the lock side. Another method, more com-
plicated, but one which ‘produces better results,

GUIDE TOOL y
"

. TUBULAR LOCK

the bolt strikes Squarely on the plate and requires
removal of as much as ¥ inch of metal, remove
the striker plate and raise or lower it to match
the height of the bolt. )

12-17. The door is trimmed only as a last re-
sort. However, do not cue doors immediately fol-
lowing rain or damp weather. When dry, the door
may fit too loosely.

12-18. The failures in panel doors may be due
to loose members. This causes binding at the
hinge edge and friction between the lock and
strike plate.

12-19. Trouble with locking apparatus is gen-
erally caused by defective knobs or locks. Check
the knob to determine-whether it is loose on the
spindle. Where a lock does not move smoothly,
replacement may be necessary, although repair-
ing worn parts or lubricating with graphite fre-
quently overcomes the difficulty.

12-20. An excess of space between door and
stop causes the door to rattle. Removal and re:
fitting of stop while.the door is closed remedies
this difficulty. The door may also rattle because
of too much play between the latch and strike
plate. Correct this condition by moving the strike
platé toward the stop. -

12-21. Hinges become loosened if a door is
too tight on the hinge edge and binds against
the hinge jamb. If such a door has plenty of
clearance on the lock side and the entire pin
seems to move slightly when the door is closed.
loosen the hinges at the frame and insert card-
board under the outer edges. To make a uniform
space between the jamb and the door on a sag-
ging door. insert a strip of cardboard under the
inner edge of the top hinge in the leaf which
is ‘fastened to the jamb, as shown in figure 134.
This usually corrects the trouble, since it pulls
the upper part of the door closer to the jamb,
Excessive space above the door and along the
outside’ (lock edge) may be correctzd by loosen;
ing the screws in the leaf of the bottom hinge,
which is attached to the jamb, and inserting card-
board under the outer edge.

12-22. Broken panels in panel doors are usu-
ally replaced with a piece of exterior grade ply-
wood. You may want to modify some pancl

Figure 133, Tubular lock and guide tool.
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Figure 134, Hinge adjustments for binding doors.

doors by removing a panel and installing louvers,
hardware cloth, or glass. You can use a wood
chisel te: remove the molding around the panel.
Cut a piece of plywood 34 or % inch thick and
Y% inch undersize in width and length to replace
the old panel. Use quarter-round molding to re-
place the old molding and hold the new panel
in place. The panel is not glued or nailed in
place. Fastening the ganel to the door will cause
the door or panel to split when shrinkage and ex-
paansion cycles occur. You may use glass to re-
place a wood panel. Remove the molding and
panel, and install the glass with glazier points and
putty or quarter-round molding. Use a bed of
putty to prevent water from getting in the rabbet
behind the glass.

12-23. Interior Window Trim. Windows have
many of the same maintenance requircments as
your jnterior and exterior doors. The installationr
and maintenance of windows have been covered
in Chapter 2 of this volume, except for the in-
- stallation of the interior trim or casing, sill stool,
and apron. Double-hung windows will have the
interior trim or casing fastened to the head jamb
and to the two side jambs with .the appropriate
size of finishing nails, depending upon the “type
and thickness of the interior trim or casing used.
The apron and sill stool are fastened in position
as shown in figure 135. Figure 135 also shows
where the interior trim or casing is positioned in
relationship to the other parts of the window.

12-24. Casement windows usually will have a
sill stool and an apron installed without any in-
terior trim or casing. The wall covering material
is continued around the window jamb until it is
up against the casement sash frame.

12-25. Your maintenance of the interior trim
or casing, sill stool, and apron will consist of re-
placement of the necessary parts to put the win-

dow in a serviceablc‘ &)idition. wa that we are

finished with the walls, ceiling, trim, doors, and
windows, we are ready to study about floors and
their xpaintcnancc. i -

13. Finished Floors

13-1. The finished floor is the wearing surface
placed over the subfloor. If there is no-subfloor,
it is placed over the floor joists. In Chapter 2 we
discussed sills, joists, girders, and' bridging suffi-
ciently to establish their location and: purpose for
our use in this section.

13-2. Wood Floors. Wood used for the fin-
ished floor should always be well seasoned, be-
cause nonseasoned lumber will shrink and leave
openings between the flooring strips. Flooring,
except for beech, birch, or maple, is sawed from
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, necessary, thercfore, to cut the pieces in order to
- break or stagger the joints. These cuts should be
made cxactly square across-the-face of the-pieces... -

SROOVE . . .
8 \% It is customary to undercut the flooring, as illus-

trated in figure 136, to make a good tight fit

- 'ao‘“’dm when the material is not end matched (with
m\g tongue-and-groove ends).
= . .
< 13-7. When laying flooring over oid floors, all
oacsT protruding nails must be hammered down, loose

A

Figure 136. Undercutting flooring. boards must be nailed, warped boards must be

replaced, and high spots leveled. For best results,
it.is recommended that you_machine sand the old
floor before laying the new floor. Before $and-
ing. the thresholds, base shoe, and baseboards
should be taken' up and the interior doors re-

for permanent structures, although it may be used ~ moved from the hinges. After sanding, the floor
occasionally in tempogary buildings where paint should be swept clean; building paper, usually
& applied for a finish Because edge-grain lumper 15-pound felt, should be placed on the floor !)c-
has greater wearing qualitics, it is best for fl forc you lay the new floor. The new flooring
that will receive abnormal amounts of wear. should run at right angles to the old floor.
gardless of whethek flat-grain or edge-grain flum- 13-8. The first strip of flooring should be
ber is used, some of the pieces will have a jmore  placed approximately % inch from the wall with
vertical grain than others. Thesc picces shofld be  the grooved edge toward the wall. This picce
specially sclected and used in doorways ¢r other  should be face-nailed close to the wall so that the
areas of excess traffic because of heig) greater  naitheads will be covered by the baseboard and
resistance to wear. : shoe mold. Each additional strip of flooring must
13-3. Finish flooring laid on a subfloor Yay be forced tightly against the strip previously
be either hardwood or softwood, depending up nall'cd. This can be ac.comphsh‘cd .by, harpmcrmg
the use of the building and the cost of floorin ainst a short scrap piece of flooring which pro-
Oak flooringt usually is considered the most de-  tCCig the tongue, as shown in figure 137. Cement-
sirable hardwood for finish flooring in residential- ~ coateth nails are used for flooring because of
type buildings. It is available in both red and ing power. The nails should be driven
white oak, either quarter-sawed or plain-sawed.  OP the tonipus edge at approximately 50° to help

. 1 i ight. This is called blind nail-
13-4, Maple, although usually more expensive graw the piece up .ngh t
than oak, is l::norc dcsirgal:)lc for zsc in roller skat- N becausc the nailhcads are covered by the next

ing rinks and similar places because it probably piece of flooring. When laying a floor, you should

o stand with your toes on the piece being nailed
(\:/flllws:)tgr(;dﬂrzg:c rough usage than any other YPC 11 bend over from the waist to drive the nail.

. ‘. By working in this position, you can hold the
] 13-5. Softwoods used for flooring arc.dw!ficg pi)::cc in. plgacc and dF:ivc the :llail with an easy
+ into two grades: select and common. The "A™ 150 Also, there is less possibility of damaging
and “B and Better” select grades arc used when piecc when the nailhead reaches’the board.
the floor is ff’ l,x: stal‘r‘\cc,i,, varnished, or waxed. The ends of adjaccnt pieces should always be
whereas the “C” and “D” select grades are used  g,000004 (o prevent a continuous joint across
for floors to be heavily stained or painted. two. pieces. The end cut should be slight'ly under-
13-6, Before starting to lay the finish flooring,  cug (less than 90°), as shown in figure 136. This
the subfloor must be thoroughly swept to remove  yndercut end is forced tightly against the end of
scrap material. Heavy felt building paper is . 3 square cut board to make a tight joint,
placed over the subfloor to provide insulation
and to cushion the finished floor. Hardwood
flooring is usually packaged in small bundles of
random length pieces. It has a tonguc and groove
on the sides and ends to insurc a good tight fit.
Because it Has this tongue and groove on the
ends, cutting is climinated except at the side or

a log in two ways cither as quarter-sawed .(edge-
grain) or as plain-sawed (flat-grain). Remember
that you learned this in Volume 1 of this course.
Flat-grain softwood flooring is not recommended

end™ot~4 room. Softwood flooring usually comes HAMMERING
in standard length pieces with a tongue and P sLocx
) groove on the sides, but not on the ends. It» is l o - Figure 137. Laying flooring.
. . \
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- 13-9. End-matdlied - boards have the tongue

and groove extending around the ends of the

. bodrd, and. the boards are of random length.
,"’ making it casy to offset the end joints. Boards
that are not end matched arc cut square across
y the boatd, and it is up to you to space the end

joints.
13-10. Wooden parquet floors consist of tile
size wood blocks. Tongue-and-groove strips of

are glued together, whereas others have several
metal straps across the back of the strips to hold
them together. Four or five strips are placed to-
gether to form a tile that is square.
13-11. The squares are glued to a slab or sub-
7 floer to form various designs. The usual pattern
is to place the second tile with the strips running
perpendicular to the strips in the first and third
tiles. The grain of the wood in one tile runs
perpendicular to adjoining tile. For this reason,
you do not refinish these floors by using the
usual sanding procedures.
¢ 13-12. Maintemance of Wood Floors. Wood
flooring is easily maintained if it is kept clean
and is not soaked with water during the scrubbing
process. Most wood floors now have a wax finish

Damp mopping and an occasional scrubbiftg by

the user can do more to extend the serviceabjlity

of wood floors than we can. There are some
areas at the bottom of stair wells and in front of

cxits and latrine doors that are exposed to ex-
cessive amounts of water. This water penetrates

the finished floor, causing the edges of the boards

to turn up and open some joints. The water
passes freely through open joints to the subfloor

and joists below. Some water remains in -the
joints and between the joists and subfloor and
between the subfloor and finished floor. This
same problem exists in many two-story barracks,

even when tile or othe? coverings are used at

the base of the stairs. When these problems are
noted, the source of the water should be located.

If the water is due to stair scrubbing and flood-

—__ ing, the method of cleaning the stair must be
through an exit door, the door will have to be
: put into good condition and properly fitted in the

) jamb. A metal flashing can be installed above

- the door to direct water away from the head
jamb. A J-strip or other seal can be used be-

tween the bottom of the door and the threshold

to stop the entry of water at this point. If you

don't locate the problem in time to take correc-

some flooring.
13-13. Subflooring. The subfloor is also
known to some craftsmen as underfloor, rough

_ _wood.are_assembied to_form square tile. Some tile

and are ‘under the control of user maintenance.

changed. If the water is entering the room.

tive action, then you may need to replace.

floor, or base floor. It is laid directly on (op of
the floor joists and helps to strengthen and aline
the top edge of the joists. It serves as a nailing
surface for the finish floor. The joints in the
finish floor {unlike wall siding and roof sheath-
ing) are at random intervals and are not neces-
sarily located on the joists. Subflooring also helps
to deaded sound, insulate, and prevent dust from
rising upward through the finish floor.

' 13-14, The replacement of subflooring, either
boards or plywood, is done by cutting out the
damdged portion of the subfloor and replacing
the subfloor with like material of the old sub-
floor. It is done in the same way as that discussed
in Chapter 2 on the installation of subfloors. The
last piece to be put in place of tongue-and-groove
material should have the bottom groove removed
before it is installed and nailed into place.

13-15. Finished floor. It may be necessary to
replace damaged pieces of finish flooring when
it is -worn thin, marked, or buckled. The section
to be replaced can be removed, as shown in
figure 138, by boring a“hole 2 inches below ¢ach
end of the damaged areas and cutting squarely
across the, piece with a keyhole saw. The piece
can easily be lifted out if the joints are not
tongue and groove; however, 2 chisel can be
used to split the piece out between the two saw
cuts.

13-16. When the damaged piece has been re-
moved, a new piece of flooring should be cut
to fit tightly into the section being repaired. Be-
fore inserting the piece into the hole, the bottom
part of the grooved edge must be remaved so
that it will slip into place easily. After the piece
has been placed, as shown in figure 139, it should
be face nailed™With finishing nails. If the piece is
likely to split, holes should be drilled for the nails.
The heads of the nails are set slightly below the
surface and are covered with wood filler before
the finish is applied to the floor. .

m PRY OUT / *
CENTER
PIECE FIRST ~

CHISELED
SPLITS

Figure 138, Damaged flooring removal. ’
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Figure 139, Flooring replacement.

13-17. Repairs of wood parquet floors usually
consist of filling and hand sanding or replacing
units. Use extreme care when removing a tile to
prevent damage to the edges of the adjoining

s tiles. ‘Work from the center of*the tile outward to

prevent this damage to adjoining tile.

13-18. Noanwood Floor Coverings. These cov-
erings consist of the various kinds of tile and
linoleum that are used as a floor surfice. There
are very few_installation problems when these

coverings are used on new floors that are pre~

pared for them. To place them over old floors
usually requires some additional work to prepare
the surface. Before any' of the nopwood flooring
materials are applied over wood floors, all loose
boards should be adequately nailed, cracks
should be properly filled, and the entire floor
should be machine sanded. When a concrete base
is to be covered, it should be clean, dry, and free
of dust. If the floor is below ground level or over
a poorly ventilated area, the wood or concrete
base may be affected by moisture. In this case,
asphalt tile is usually recommended because other
floor coverings may be damaged by moisture.

13-19. Wood floors which have become un-
sanitary or hazardous may be economically rc-
paired by application of a flexible or semirigid
floor covering. Let’s discuss some of these ma-
terials to see how they are ‘used.

13-20. Felt. The use of felt under most non-

L .7 . .
. finish covering. The felt iu cut for an entire room

before any of it is pasted down.

13-21. Plywood. Plywood underlayment should
not be less than 3 inch thick, 3 ply, with mois-
ture-resistant glue.

13-22. Fiberboard. Hard fiberboard for un-*

derlaym

hould be %4 inch thick. Fiberboard
is made by i

13-23. Semirigid board. A semirigid asphalt
saturated board is available in thicknesses of %],
and % inch and a sheet size 36 x 40 inches.
This board, highly resistant to moisture, will not
warp or buckle when exposed to high: humidity.
It can be cut and trimmed with a linoleum
knife.

13-24, Trowel-applied underlayment. This un-
derlayment consists of floor mixes laid to a thick-
ness necessary to provide a smooth surface. These
troweled-on underlayments may be described as
latex-type leveling course, asphalt-type leveling
course, floormastic, latex liquid felt, etc. . )

13-25. Linoleum. Sheet linoleum is laid in
practically the same way as felf. It should be
scribed accurately, as shown in figure 140, to fit
any irregularities in the wall. When one strip of
linoleum has béen cut to fit the room, it is usu-
ally pasted in place before the second piece is cut.
The paste is an adheSive used according to fac-
tory specifications for sticking the linoleum
evenly and firmly over the complete floor sur-
face. .

13-26. Asphalt tile. Asphalt tile is suitable for
installation over most wood and concrete floors.
Asphalt tile is available in many plain and mar-
bleized colors and not only presents an attractive
appearance but also offers other important ad-
vantages. It is quite comfortable to walk on, éx-
tremely durable, and highly resistant to abrasive
action of foot traffic and such common abuses
as scuffing and cigarette burns. It is an odorless,

wood. floorcovering-is—recommended—because it

-will lengthen the life of the covéring. The felt -

is available in rolls 3 feet wide. It should be cut
to fit around pipes and other obstzuctions. Where
two strips of felt join, they should be butted to-
gether. ‘The edges should never be overlapped
because the double thickness will create an un-
even base, thus causing uneven wear of the

CARPENTER'S
SCRIBE
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nonabsorbent covering that does not Sriginatc
dust and is casy to clean and maintain.
13-27. Other tiles. Plastic, rubber, plastic as-

The solution to our problem is to move the

starting line from the center of the room.

bestos, cork, and vinyl tile are somc of the tiles

other than asphalt. The application of these tilcs
is similar to that of asphalt tile, so we will confine
our discussion to asphalt tilc.

13-28. Laying Tile. The first step in laying
tile, of course, is smoothing the area by sanding
(wood floors), placing underlayment, or both,

and placing & layesgf felt over the prepared sur-’

face. -

13-29. The sccond step is layout. This step is
often neglected. It is a very important part of
the job and should be well planned. Problems
will develop after the tile is laid if narrow (i-
or 2-inch) strips of tile are placed around the
perimeter of the room. You should also consider
the shape of the room to be tiled. Rooms that
are not square are difficult to tile correctly. Let’s

13-32. We move the line 4'4 inches (one-half
the width of the tile) in either direction. This will
increase thc measurement on one side of the
room and decrease the other side. In effect, it
will add a half tile to onc side and take it away
on the other. We add the 44 inches to, our 2-
inch strip, and now we have a 6%2-inch strip and
two full tiles on one side of the starting line
(6% + 9 + 9 + 9 = 244 inches). We subtract
the 415 inches from the strip on the other side

¢ the line. We cannot subtract 42 from 2, so

plan several jobs so that you will be able to do -

the layout on your own.

13-30. Using the standard 9- x 9-inch tile as
our material, let’s lay out a very small room for
tile. Let's say the floor is 3 feet square. Our
9- x 9-inch tiles will fit evenly in a 36-inch area.
To lay out the area correctly, we merely locate
the center of each wall and make a chalkline,
marking the center points on opposite walls. The
center of the X will b in the center of the room
and 18 inches from each wall. We need two
tiles placed edge to edge along the line and two
along the wall to fill each quarter section of
room. '

13-31. Now, let's try a room 40 inches square.
Our centerlines will be 20 inches from the walls,
or two tiles and 2 inches from cach wall. This
brings.up a problem, , because the 2-inch strip
along the edge (laying tile from the center out-
ward) may turn up on the edges or slip out of
place. Chair and desk legs will catch on the tile,
or the weight of a cabinet or desk may break
the tile. There is no rule that tells us not to lay
a 2-inch strip of tile, but maintenance men cer-
tainly wish that one existed. A good guide to
follow is to use tile at least 4%% inches wide. You
couldn’t tile our sample room using the center-
line method or the wall-to-wall method and fol-
low our guide. You would have a 4-inch strip
if you applied the tiles by, starting at one wall
and working across to the opposite wall. This
is not the preferred method of laying tile because
the lack of symmetry is so obvious in a Small
room or one that is not square. The joints will
not be parallel with the walls, and strips of tile
along‘the_edges will .be_of_different widths that

we add a full tile (9 inches) to the 2 inches
for a total of 11 inches. Now we subtract 4%2
from 11 and get 6% (11 — 42 = 6%), or
the width of our edge strip. We now have one
row of 9-inch tiles and one row of 6%2-inch strips
on this side of the line for a total of 15%4"inches

‘(9 + 6% = 15'%). This 15% plus the 244

equals 40 inches, or the width of ourr p

13-33. Let’s try a larger arca.anagx‘;‘} out
for tile. Let's say that we have a r 10 feet
wide and 11 feet long to cover with asphalt tiles,
which measure 9 x 9 inches. Let's lay out the
floor as shown in figure 141, We start by estab-
lishing the centerlines from wall to wall. Call the
shorter line the layout line and the longer onc
the starting linc, becausc we may move them.
from the center as the work progresses. Now, we
figure the number of tiles it will take to lay a
row along the 11-foot length of floor.

13-34. Eleven feet equals 132 inches (11 X 12
= 132). Dividing this by the size of the tile ¢
inches) gives the number of tiles needed to lay
onc row the length the floor. Nine divides
132 inches 14 times With 6 inches left over. Put-
ting half of this Gff €4ch side of the layout line
will give us 7 tiles and a 3-inch strip (14 tiles
+ 6 inches ~ 2 =/ 7 tiles and 3 inches). We
don’t want to use a 3-inch strip, so we need to
move the layout line 4%4 inches. This will give us
7%%-inch border strips (4%2 + 3 = 7%4), as
shown in figure 141.

13-35. The 10-foot width equals 120 inches
(10 x 12 = 120. Dividing 120 inches by 9
gives us 13 tiles and a 3-inch strip. What will
we dp with this one? Don’t move the line be-
cause of the 3-inch remainder, When you place
an odd number (3-5-7) of tiles along the line,
you will find that the line doesn’t need to be
moved. This is true when the number of tile is
odd and the remainder is less than half the width
of a tile. Refer to the tiles placed beside the re-
located layout line in figure 141. Note that there
are 6 tiles and a 6-inch border strip on each side

almost anyone can distinguish from a rectangle.
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13-36. Now that ‘we know how many tiles are
needed to lay a row across the room and how
many rows are required, we can figure the total
number of tiles peeded to' cover the floor. We
need 15 tiles in a row and 14 rows. We multiply
the number of tiles in a row (15) times the
number of rows (14) to get (210) the total
number of tiles needed (15 X 14 = 210). This,
figure doesn’t allow for tiles that are broken in
the shipping container or on thé job, so it is best
to allow some extra tiles for waste.

13-37. Another method commonly used to fig-
ure the quantity of tiles is to use the square foot
method. First, determine the number of square
feet of floor surface by multiplying the length of
the room by the width (11 X 10 = 110). Divide

“Figure 141. Tile layout, .

the number of square feet by 94 square foot,
the amount of surface covered by one 9- x 9-

inch title. 110 + %4 = 119 X 105 = 17007 =

, 1760 + 9 = 195.55. This is the least number of

tiles required to cover the floor surface, regard-
less of the method used to lay them. We know
that we must cut and fit border tiles to have a
lasting floor, so we must allow some extra tiles
for 'the job. Allowing 10 percent for waste will
*give you an additional 19 tiles, or a total of 214
tiles for the job.

13-38. The next step is to spread the adhesive,
which in this case is asphalt-tile cement. This
cement is usually a cutback cement. The asphalt
is mixed with a liquid that keeps it flexible dur-
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ing storage. After application, the liquid evapor-
ates, leaving the asphalt adhesive.

13-39. You must stir the cement in the con-
tainer to mix the adhesive and liquid to a uni-
form consistency. Use a paddle-shaped piece of
wood to place some of the adhesive near the
starting point in the center of the room. Lay one
quarter of the room at a time. Spread the ad-
hesive fronythc starting point along the starting

line to the wall (refer to fig. 142). Use a notched
trowel to spread an cven layer of adhesive over
the entirc quarter of floor space (marked as first
quarter in figure 142). ¥

13-40. Allow the adhesive to dry until the
gloss is gone and the surface is tacky and appears
dry. Laying tilé before the adhesive is dry is
just as bad as laying"tilc"wher‘rthradhcsivefis
too dry. Tiles placed on adhesive that is still
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—fit {s-required.

wet will prevent—the adhesive from drying and-
. the tiles will be subject to slippage. Tiles placed
on an sadhesive that iz too dry will not’ stick .

securely and will produc® a hollow sound when
you walk on them.

13-41. The first tile is placed at the starting
point in the center of the room as shown by tile
No. 1 in figure 142. The shiny, smooth side of
the asphalt tile is placed upward as the wearing
surface. The second and third tiles are placed
along the starting line with the first tile. The
fourth tile is placed beside the first tile, the fifth
beside the second, and the sixth beside the third.

This will give you two rows three tiles long. A

third row is magde beside the second to form a
square as shown in figure 142, The important
part at this time is to insure that the first three
tiles are parallel with the starting line and that
the second and third rows of tile are alined to
form neat joints with the first row. Avoid moving
these tiles any more than is absolutely necessary.
However, the joints in the entire floor depend on
this starting section.

13-42. Succeeding tiles are placed along the
centerline and toward the corner by placing the
edge of the tile against one that has been laid
and snapping it into place. I tiles are laid on the
adhesive and slipped into place, adhesive will
build up in the joints. The tiles are pressed firmly
in place to insure complete adhesion.

13-43. Border tiles may be cut with a tile cut-
ter or a shingle cutter, or by acoring and break.

ing. Irregular cuts are made by heating the tile
(from the back side) and cutting with an old pair
of snips or a linoleum knife Apply the heat

slowly until the tile is flexible. Excessive heating

will cause the tile to blister and darken or turn
brown.

13-44. Border tiles or tiles that must be cut
to fit around obstructions can be measured as
shown at the top of figure 142, When the last
row of full tiles is laid, you can place the row
of border tiles squarely on top of it, as shown by
tile A, Tile B, alloufull9x9tlle,izuudto
gpeasure from the wall to the citting line across
tile A, Scribe along the side of tile B to mark the
cutting line on tile A This system works well
around door jumbs, columns, etc., where a close

S 235
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If this does not get satisfactory results, you can
use fine steel wool (lightiy) or wet scouring pow-
der. Paste floor wax applied to the area will

o

‘soften the xsphaltsothst you can wipes it off with
a rag and avoid any scratches that might be made
by steel wool orsscouring powder.

13-47. Replacing Asphalt Tile. Tile that is
broken, chipped out, or loose requires replace-
ment to remove hazards or to protect wood
flooring underneath.

13-48. Single tile may be removed by chip-
ping out with a hammer an a cold chisel. Ap-
plying heat to the surface will loosen the tile
from the cement so that you can lift it out with
a putty knife, A garden hoe or hoe-shaped
scraper can be used to remove’ large areas of
damaged tile. Make certain that all pieces of
tile and loose adhesive are removed and that
the remainder of the old adhesive is smooth be-
fore the new cement is applied

13-49. After the tile_ is removed, you can ap-

ply a very small amount of adhesive over the -

old -adhesive to hold the new tile in place. Ap-
ply the cement with a putty knife when you are
replacing a single tile. In this way you can work
carefully and avoid getting the cement on the
adjoining tiles.

14. Stairwdy Construction

14-1. The stairway is an important section in
building construction. A staircase, when ‘care-
—fully-designed-and built, adds dignity and charm
to a home. The quality of craftsmanship reflects

the character of the entire building, since stair-

ways are usually located near the main entrance.
Exterior stairways are sometimes used as porch
steps and as fire escapes on twoestory buildings.
Because of the importance of good solid stairs
from a safety standpoint, you may do a lot of
repair and replacement work on these stairways.

14-2. Stair Design. A stairway commonly
known as a straight flight stairs is shown in fig-
ure 143. It is the simplest to build but not neces.
sarily the most desirable for all conditions.

14-3. The"layout of a building does not al-
ways permit the use of a straight fiight stairway.
A stairway with a long flight consisting of more
than 15 steps is tiring, because it affords no op-

13-45. After the first quarter is lsid you can
lay the second quarter, and then the third and
fourth quarters. Don’t walk on the tiles any more
than is necessary before they are firmly set in
the adhesive. - )

13-46. If asphait cement gets on the surface of
a tile, you 2an remove it by rubbing it with a
clean cloth, or a cloth satursted with a mild soap.

I

portunity for a pause in ascent. For this reason

a landing should be introduced somewhere In

the flight, usually at the halfway point, as shown
in figure 144. Langdings also have another func-
tion, that of changing direction, as shown in
figure 145.

14-4. The width of a stairway is determined

’ by the need for two people to pass comfortably

on the stairs and by ‘the fact that equipment

135
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Figure 143. Straight flight stairway.

-may at some time or another be carried up or

down. One person can usc a stair 2 feet wide;
but if two people are to be able to pass on the

stairs, the width must be at least 3 or 3%z feet

wide. )

14-5. The width of extetior steps usually ex-
tends to the outer edges of the door trim or at
least the width of the door opening.

14-6, Stairwell, The stairwell is the opening
in the floor where the stairs are located. The
framing for the stairwell begins with the placing
of the floor joists and includes the installation
of the stair stringers (carriage or stair- horse).

~

l

LANDING

The members around” the opening are doubled
or tripled to provide adequate support, as eXx-
plained in the discussion on floor framing in
Chapter 2 of this volume.

14-7. The size of well holes varies. Ordinarily,
they are wide enough to allow two people .to
pass on the' stairs without difficulty and long
enough to give adequate headroom according to
the steepness of the stairs. Headroom is the

- eclearance—measufed—vertically from the top of

230

a tread to the underside of the stair or ceiling

above. (Sec fig. 146.) Seven and one-half feet of

clearance is satisfactory for headroom on normal
stairways, but steep stairs should have slightly
more clearance.

14-8. The tread widths may vary slightly, but
a governing rule to follow, which limits the
tread width, is to make the tread width depen-

LANDING

CLOSED
STRINGER

OPEN
. STRINGER

Figure 145.,90° change with 2 landing.

dent on the riser height. One tread width and
one riser height added together should be be-
tween 17 and 18 inches; or the hcfght of two
risérs and width of one tread added together
should not exceed 25 inches. For example, if
the riser height is 7 inches, the most desirable
height, the tread width would be between 10
and 11 inches. ‘

14-9. The material available for use as the
tread boards will often determine the width of
tread to use. If regular 11%-inch stair tread ma-
terial (a standard 2 x 12) is used, the tread
width should be 10 inches, with 1% inches al-
lowed for the nosing which extends over the
riser, as shown in figure 147. A cove or quar-
ter-round. molding is- used to cover the joint

" made by the nosing and riser. When the riser

97

height is 7Y% inches, a 2 x 10 piece which
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CLOSED, STAIRS

/NOSING
GOVE

MOLDING

2

7L Riser
HEIGHT

2"X 10" TREAD BOARDS
~o NOSING

OPEN STAIRS NO
RISER BOARDS ARE

-

93 TREAD WIDTH ALLOWANGE

- ' Figure 147. Tread width allowance.

. measures 9% inches m%Y be used for the tread
boards. When this is doge, the nosing is flush
wi e riser, as shown in figure 147, and the
risers are left open.

14-10. Stringer Layout. The stringers -are the
supporting members for stajrways One stringer
is used on each side of the stamvay On wide
stairs, a third (center) stringer is used in addi-
tion to the outside set. When three or more
stringers are used, the center ones are com-
pletely hidden and are usually cut from rough

material. For this reason they commonly
referred to as rough stringers.
14-11. The layout of d 3txipger is based on

the vertical distance from one floor level to an-
other (total rise). The riser height and tread
width must fit within the allowable space and
must conform to the safe slope of 30° to 35°.
For maintenance this is no problem, so let’s cre-
ate a sunple project of our own. Let’s make a set
“of stringers for use between the porch and
ground level. The porch floor is 30 inches above
the ground, sq you can use 30 .inches ds the total
rise of the stringer. )

14-12. Use 7 inches as the preferfed nser
height and determine the number of risers re-
quired on the stringer. The number of risers on
the stringer is determined by dxwdmg the total
rise (30 inches) by the desired riser height (7
inches). This is illustrated in figure 148,A. Seven
will not divide into the total rise evenly, so you
take the number of risers (4) and divide this
into 30 to get the measurement in inches as
shown in figure 148,B. Dividing 30 by 4 gives
you 7.5, or 7% inches as the riser height.nYou
need 4 risers 72 inches high on your stringer.

14-13. The tread width can now be deter-
mined by using our rule of rise plus tread equal-
ing 17 or 18 inches. Seven and one-half plus 10
would_be within the rule, but it would be the

maximum allowel¥ by the rule—that is, riser plus
riser plus tread equalling no more than 25 inches.
If the, footings are located at 40 inches from the
porch (4 treads, 1Qdinches wide) and you have
the 2 x 12 tread material, you are ready to lay
out the stringer.

14-14. The material to be used for the strin-
ger must provide adequate support (after it is
notched for treads and risers) and must have one
straight edge ’(workmg edge). A 2 x 12 is satis-
factory in most cases, and you can use one for
this 30-inch height.

14-15. The next part of the job is to set up a
frathing square with gauges or a fence, as shown
in figure 149. If you don't have a set of gauges,
the fence can be made with a piece of 1 x 2 and
a few bolts. The fence is placed on the square

FLOOR LEVEL

}

A. THIS WHOLE NUMBER
REPRESENTS THE
. -(TOTAL STEPS REQUIRED

4,
77500 ~4=TOTAL RISE

v 20

sg=30"
TOTAL A B. ACTUAL RISER MEIGRT

‘TZBE USED

4{300-TOTAL RISE
28, -

20
20
,

v . LNuMBER OF STEPS -
FooR LEVEL REQUIRED

'-?‘ﬁm 148. Determining riser height.
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WIDTH OF
TREAD .

HEIGHT OF
- RISER

Fignre 149, Fence tor a framing square.

(loosely) and the square is placed on the stnn-
ger with 7% on the tongue and 10 inches on the
blade on the edge of the 2 x 12. The square is
held firmly in place, the fence is moved to -the
edge of the 2 x'12, and the bolts are lightened
to secure it to the square. The fence is an aid in
repeating identical measurements and is- rec-
ommended for use in stringer and rafter layout
work. You can make the measurements freechand
if you don’t have the fence.

14-16. The square is placed in position on the
straight edge of the stringer material, as shown in
figure 150. The 7%-inch measurement is the rise
height (rise), and the 10-inch measurefmient is the
tread width (run). The square is placed (first
position) about 20 inches from the lower end of
s the material to mark the second riser and thé first
tread. Then it is moved toward the lower end,
and the first riser is marked. The tongue of the
square meets the mark for the first tread at the
edge of the material, as shown in figure 151. The

-,
STRAIGHT EDGE OF STRINGER STOCK

FIRST POHITION

FENGE

A
A LINE ORAWN HERE |
REFRESENTS THE RISER
HEIGHT FOR THL SECONO
sTE?

ATLINE ORAWN HERE REPRESENTS THE
TREAC WiOTH FOR THE PFIRST STEP

Figurs 150. First position of framing square on
stringer.

fence is held agamst the straight edge of the ma-
terial while the mark is made along the outside
edgc of the tongue of the square to mark the first
riser.

14-17. The square is held in this position while
the thickness of the first tread is subtracted from
the height of the first riser. This subtraction is
necessary to campensate for.tread thickness. The

WOVE FRAMING SQUARE
STRINGER UNTH nllr nuo Lut
AND SOUARL WCLT AT THIS POINT

- o"’ o*
091
st

TREAD POR
FIRST STLP

LINE ALONG THIS £0GE REPRISINTS
LRISCR FOR PIAST STLP
*

Figure 151. Second position of framing square on
stringer.

tread thickness, 195 inches, added to 7'4 inches
would-give you a first riser height of 9% inch.
And 1% inches on the top of the stringer would
make the total rise 134 inches more than 30
inches and would. extend the top tread above the
porch floor. The square is numbered from the
heel toward the end of the tongue so that you
can make a2 mark at 138 inches, designating the
bottom of the stringer, as shown in figure 152.

13-18. The square is moved up theé edge of
the stringer to"where the edge of the blade and
the mark for the second riser meet at the edge of

, the board. A mark around the-heel of the square
100 ‘
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© NOTCH FOR

SECOND

1 58
ALLOWANCE
“ FQR TREAD

THICKNESS

Figure 152. Laying out riser height for first step.

marks thc second tread and third riser. The
square is moved upward in this manner until all
the treads and risers arc marked, as shown in
figure 153.

14-19. The. square is moved- to<the opposite
cdge (back) of the stringer, and marks are made
at the bottom of the first riser and at the cutoff
point at the top of the stringer. As long as the
fence is held against the edge of the stringer, you
can make horizontal marks along the blade and
vertical marks along the tonguc of the square.

14-20. Figurc 154,A, shows the stringer
notched to fit over a ledger board. The ledger
board is secured to the stringer and is then fas-

_tened to the porch header or joist to form a solid

support for the steps. The bottom of the stringer
is notched out forra 2 x 4 kick plate. The plate
serves as a tie, holding the bottom edge .of the
stringers in position, and as a means of fastening

’

finish marking for thc ledger board and kick
plate. This first stringer can be cut and used® as
a pattern to mark the other stringer. After the
second stringer is cut, you can cut and place the
riser and tread boards and molding.

_ 14-22. The riser boards are nailed in placc
first; then the tread boards are nailed in front of
them® Nailing through the back of the riser into
the tread will help support the back edge of the
tread, as shown in figure 155. Also shown in
figure 155 is the use of tengue-and-groove risers
and treads. This type of construction gives addi-
tional support to the stairs. Whean riser boards are
not used, the tread is butted against the riser
cutout. This is the usual method for porch steps
such as those in our sample project.

14-23. Stairway Maistenasce, Stairways wear
out and need repairing, and porch or entrance
sigps become weathered and need replacing.
Some steps now in use are a partial copy of other

EDGE OF SLADE CROSSES
RISER EXACTLY AT EOGE
OF STRINGER

THIRD MSER
FENGE

SECOND TREAD
SECOND RISER

FIRST RISER

Figure 153. Third position of framing square on
stringer,

steps, the salvaged ends of stringers designed for

the steps to the concrete footings (if required). _ another building, or the result of trimming a set

The bottom of the stringer should not be placed
on the ground, and long stringers, such as fire
escapes, should be secured by using anchor bolts
through the kick plate into the footings. Figure
154B and C, show two other methods of
stringer attachment for steps and stairs.

14-21. Check all your measurements after you

-

TwO-8Y-FOUR :
LEDGER BOARD

STRINGER
\‘ FIT UNOE

NOTCHED TO
R HEADER™

KICK PLATE

A s s
P

SUPPOR
METAL STRAP

of used steps for use in a different area. All of
these steps are staisfactory if they meet the re-
quirements of good stair construction. You will be
replacing some stairs (probably exterior), so let's
discuss the things you need to know about them
so that you Will beequipped to correct any faulty
set of steps.

Figure 154. Anchoring stringers.
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RISER INTO
BACK EDGE OF
"TREAD

Figurs 185 Installing treads and risers. "

14-24. Falls suffered on stairs are the most
common of all building accidents. Falls are caused
by undue haste, poor stair illumination, and de-
fective or improperly designed steps, These two
statements are common to safety practice, See
EM 385-1-1 for additional guidance in ufety
requirements. Both carelessness of personnel
and negligence in maintenance may be responsi-
ble for accidents. Of course we can’t be eVery-
where at once, and some things could not. be
prevented even if we were there. But, we know
that many of the jobs we do are done solely for

LINOLEUM OR OTHER COVERING
MASTIC FILL

AN
WELDED

= FLOOR

PTIONA
IONAL COVERING METAL NOSING

. CTCOMMERCIAL TYPE PLAIN NOSING

TONGUE AND’ GROOVE
CONSTRUCTION GIVES
ADDITIONAL SUPPORT

-

the protection of personnel 20 let's see that
these jobs are done rlght.

14-25, The slope for a stairway should be be-
tween 20° and 50° from the horizontal, with
30° to 35° preferred. This slope is easfer for
most individuals (all ages) to climb, A tread width
of not less than 9 inches, with a nonslip n g
of 1 inch, is recommended. The riser héight
should not exceed 8 inches nor be leas than 5
inches, and it should be the sime for each riser
in a flight of stairs. Stairs so constiucted are rela-
tively easy and safe to climb, Ah odd size riser

‘3
OPTIONAL Z.
ASPHALT TILE OR OTHER COVERING
J  MASTICF

]

L4

TV170138"X78"X18"LS

"B~ SINGLE ANGLE NOSING

.~
138 X78X18L

S

%/

FLOORING NON-SLIP NOSING

“D~ COMMERCIAL TYPE NON -SLIP NOSING

Figure 156. Repalring worn t;eud.
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to trip, fall, or stop with & jar.

14-28. Perhaps you will notice the difference
in steps moet when you report to & new post.
You enter a strange buildifg by climbing a short
flight of steps, and when you get to the top step
you find that your foot doesn’t reach it. Is the
leg too short or is the top riser narrower than
the others? As the foot reaches the tread, you get
a jar that twists the back and causes your pat to
bounce. Of course you check the steps and make
& mental note to remember this inddent when
you leave the building.

14-27. All parts of the stairway must be firmly

attached to the structure, Worn parts must be

repaired or replaced before they become a ssfety
bazard, Many commercial nosings are available
for use on stair treads. They are made of steel,
brass, bronze, aluminum, or rubber and are
" formed with a nonslip surface. Special rubber and

Py

metal non:lip strips are available to cover the
entire surface of the tread.

14-28. Special care must be taken in setting the
nonsHp nosings on‘worn treads, The nosing must
have a firm, even contact for the full length of the
tread. Worn treads are usually built dp with a
mastic filler, as shown in figure 156. Two metal
90° angles may be used as 2 solid edge on the
nosing. The tread surface is covered with lino-
leum or tile, as shown in figure 156,A. This re-

pair will renew the step to a durable and safe”

condition. A single angle an ve molding may
also be used to rebuild & nosing, as shown in
figure 158,B.

14-29, Commercial tread nosings may also be
used to rebuild treads, as shown in figure 156,C
and D. Screws are preferred for fastening the
nosings in place because they do not work loose
as easily as nails,

2~




EXAMINATION

» ARMY CORRESPONDENCE COURSE

. ENGINEER SUBCOURSE 532-0

CARPENTRY i (Frame Construction) -

CREDIT HOURS
TEXT ASSIGNMENT

,

Revnew previous study oss1gnmems in Mem-
orandum 532,

EXERCISES

1. After you have determined the
location and alinement of a buildthg,
what do you do next? .

stake out the building
square the building

start excavation

establish inside dimensions

2. If the selected building site is
not level, where would you locate the
first batter board?

a.’ at any point
b. third corner
¢. second corner
d. highest point
3. What would you have to do at
many buildings sites before the founda-

tion can be correctly located and firmly
supported?,

’ . % drive in the bearing piles
' b. excavate building site
c. erect concrete form

d. pour support footings .

EDITION 0 (NRI1 011)

4. You are constructing a long-
wall type foundation, and you have ex-
tremely limited time. What type form
do you use?

2. continuous wall
b.” full unit
layer unit
. piér
5. . When the depth of a girder is

doubled how much is the safe load in- -
creased? .

a. 8ix times
b. five times

c. four times -
d. three times

6. If the/joists are to span the
width of a 12’ x 24’ building and are to
be spaced according to the accepted
standard, how many will be required?
a. 20 e. 15

b. 17 d 12

7. You are placing and ‘anchoring 7
joists. How much of the width of the
joist should be supported at the sill and
at the girder?

. &% 3 width c. Y width
b. 1% width ‘d. full width

3§




8. You are installing trimmers and
headers for a chimney. How far from
each surface of the chimney in inches
would you locate these to prevent the
heat of the chimney from causing a
fire?

N

s 2 c.

Ay

b4 d 8

.

9. Cross bridging distributes a
concentrated load to several joists.
What size material is used to make this

bridging ?
s 1”"x4¢” c. 2"x¢”

b, 1”7 x 8 d 27x 8
B
10. ‘What structural members serve
as anchors for the outside walls?
. foundqﬁon walls
b. sills

, wall frames
m N

11. When cénstructingncorner
posts, you decide to use the built-up
type rather than the solid. Why?

3
a. gives more nailing surface
a'llows more air circulation

c. eliminates bracing against honzon-
tal forces

d. requires fewer nails /

Ja‘

12. You have decided to use block
bracing in the construction of a build-
mg. What advantage do you gain?

a. reduces nailing surface of the wall
panels

allows use.of 1 x 4 inch maferial
c. helps to keep the studs straight

d. permits vertical installation of
2x4's

b
¢. balloon
‘a

18. If speed and ease of installation
of service pipe and conduit are of first
impartance, what type of wall framing
would you use?

a. braced

platform

theater of operations

14. Al subflooring material should’

be fitted tightly. In using plywood
sheets as a subﬂoor how far apart in
inches would you space the nails?

a. 2 e 5
b. 3 d 6

15. What is probably the most com-
mon type of door in use?

2. batten c. flush

b. solid d. panel

16. Vertical sliding doors are better
known by what name?

a. overhead e. batten

b. sliding d. panel

17. The “rough” opening must be
prepared for a window frame. The win-

"dow sash is 36 inches wide. Pulley and

weight balancing devices will be used.
What is the least distance in inches that
you will allow ‘between trimmer studs?

a. 42 ' c. 34
b. 38 d. - 30

18. Seventy-five window glasses
measuring 24 x 24 inches must be re-
placed. If the sash is rabbetted 34 inch,
how many gallons of putty will you need
to bed and face glaze the glass?

s 3 c. 6

b. 4 d 7

»




18. What is the main supporting
member in a frame roof?

s. ridge c. Dplate
b, rafter d. rise
20. Whattypeofroofisoften‘used
to form other types of roof?.
a. hip c. mansard
b. gable » d. deck

21. What is the common spacing of
rafters: in inches?

a. 16°to 30 ec. 16-to 24
b. 16 to 28 d 12 to 20

22, You are installing rolled roof-
ing. How many inches apart do you
space the roofing nails? '

s 12 c. 8
b. 10 B

1
93, You have decided to use asbes-
tos shingles for the roof of a building
' that you are erecting. What must be the

4

£y

. minimum rise (in inches) per foot run

of the roof?
2. 4 e. 8
b. 6 d 9

1]

94. How many years can you ex-
pect a good‘ﬁuality slate roof to last?

a. 10 - e. 50
b. 25 o 100

25.- How many inche;; apart do you
space the studs of a non-weight-bearing
partition wall?

a. 2 c. 24
b, +22 d. 28

26. Wood paneling may be con-
structed from various types of wood.
What wood is most commonly used?

a. oak c. douglas fir

b. birch d. mahogany

"27. You are installing an exterior

_door.jn a 6/ 8” opening, using a thresh-

old 1” thick. What length do you make
the door? '

a 6 6'7/8” c. © 9 ,

b. & 8 d 67

98. What is the least number of
9 x 9 inch tiles that you can use to cover
floor that is 9 x 9 feet?

2. 164 c. 140
b, 144 d. 130

29. What is the preferred degree of
slope from the horizontal for a stair-
way? ' \

a 30°to35° : ¢ 25°to42°

b. -30° to 40° ¢ 20° to 45°

30. What would you use to attach
non-slip nosings to stair treads?

a. Dpitch ¢, nails

b. cement d. gfrews

-




